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Anginal ^rticlw 


LATE COLONjlL JOHN FAKMER, C.I.E., F.R.C.V.S. 


Bv the deatlf of Colonel Eiriner in Dublin on August 29th, 
1920, the Veterilary Profession in general, and the Indian Civil 
\’etcfinury Depa^nie|t in particular, Lave suffered an almost 
irrcpai’ablc loss. 

Colonel J. Fji^q^was the eldest son of the late Major Faring,, 
41 h Hussj^TB. 


TT -c 


diploma at tV».^ew 
ie_liad some experiei^ 


Veterinary College, 


lie arnve(P^s3i f -yt'ar and joined at 

on the 12th October. 

He Avas in cliarge of tin* Poona Veterinary School Tor thrj 
months in 1894. Next he served in military hospitals at Kampt(^ 
MTioav and Neemuoh, and at Bombay on Kemoimt duty till 1... 
became Suj)erintendent, Civil Vet<‘rinary Department, Central 
Provinces, at Nag})ur in March 1898. 

After a short period in the Centinl Provinces, at Ajmer as 
Principal of the Veterinary (.Villege, and as Superintendent, Civil 
Veterinarv Department, Bajpntana, he Avas posted to the Govern- 
ment Cattle Farm, Hissar, as Assistant to Major Gunn in November 
1899. 

He became Superintendent of the farm on 2nd March, 1902 . 
and remained there till 12th .Tune, 1912, Avhenhe Avas transferred to. 
Lahore as Chief Superintendent. Civil Veterinary Department, 
Punjab, 'which appointment he held at the time of hia deith. •In 
Colonel Farmer, the department and the Government of the Punjab 
We lost an enthusiast 
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90$t <ii i^'iervice was «pftQt in the Puniftb. and whatever he^ 
t^bdeitpd^ jKe worie^ at with enthusiaem. The- wnter did not 
Miake l^^tttiquaintanco till 1911, when he was aheady one of tbe 
fti^Bfijbera of the department. He was even then more 
en^lwaiastic over all things connec ted with hu work and profession 
Ifhan the most enthnsiastie student at (ollc| 

He had the power of* communicating his elthupiasm to others. 
Re was passionately tond of all kinds ol live s^*k, and keen as he 
MHfi on every branch ot Ins A\ork, he was peiHdA keenest of all on 
the subject of cattle hi coding His long exp^enee at Hissar, 
and later as Chief Superintendent of the (’h il Veteimary Department 
in the piovince. gave him unrivalled opporti nitu^, and there was 
probably no bettc^^^'Judgc oi cattle stock in his/ ountry. 

> So enthmiSstic Wfifi he on this subject 1 lat Lie was even able 
o rouse the apatln of the Punj^i bteedei \ ^sopie semblance of 
nterest in the subie<*t. 
fn tlie^ 

tbreed bulls fiom M\soie Ongolc (lujaiat, Aiuntsar, 
fiom every part of Tndi.i Ji<ul been continuously impoited 
ciossed oil the indigenous Haiiana stock, ^nie fine big 
flocks were bied, but the cattle were not of a type to appeal to 
ciiii.er the Haiiana oi Punjabi bieeder. 

The problem was to evolve from the stock on the farm a type 
which would be both acceptable to the village breeder, and also 
capable of exerting improvement. In this work Colpnel Farme» 
waa eminently successful ; and at the present date it t)f|n Ijp^iairly 
felaim^ that the farm is really in a fair w'ay ta attain this /deal. 
Blveif ^ear the stock tend more and more to breed true^ Ike type 
m |Ci^sed[ at. 

pt^lems ,of disease, etc,, had no more jlMKitiOrs (or^Oolo^ 
invproblemB of bree^ng. Witjh the di^lDntiis| 
i bffM s^ys wadf.tp _ 





Late COLONKL JOHN FAKMKK, C. I.E,. F.R.C.V.S,, 
Chief Superiiilendcnl, Civil Velcriiiary DKimrIiiicnl, Puniuh. 
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; Gfie ’Xa$ particulaily successful iu this oonneofum in 
the incidence of lenders and dourine. Early in his cafeSef'W 
Chief Superintendent in the province, Colonel Farmer recognised 
the importance of propaganda, and his lectures in villages did 
much to open the minds of the cultivators to the importance of 
efiort to improve st'jck, conserve fodder, and check disease. 

He was awarded the C. 1. E. on January 1st, 1917. Colonel 
Farmer was a most untiring worker, with a strong sense of duty. 
The war added largely to his responsibilities. A large proportion 
of his staff joined the Army, and he himself undertook extra work, 
assisting the Arfiy Remount Dtpartment in the control of disease 
in their circles. He liad had no leave out of India since 1911, 
and there is little doubt that his devotion to duty contributed 
much to his oarl^deuch. 

Colonel Farfier will be muc^niissed iu the social lito of Lahore; 
ni 3 dng||«^uLjpar 8 the annual horse and dog shows owed much 
""orthei^CTlraif his untiring energy. 



SOME COMMON INDIAN BIRDS. 

No. 7. THE MAGPIE ROBIN OR DAYAL [GOPSYCHUS SAVLAltlS). 


BY 


T. BAINBRIGGE FLETCHER, R.N., F.L.S.. F.E.S., F.Z.S., 
Ifiiperud Entomologist ; 


AND, 


C. M. INGLIS, .M.B.O.U., F.E.S., F.Z.S. 
st<x 




■'lit to say tJiay^ T ,, , 

iV.QSt 

gorgeous^owers Lave no sci^e'ancl that l)]r(is nave no song, l.mt tnu“ 
Magpie Rsbin, with many other birds, gives t’le lie to the latter part 
of mis assertion, as the cock bird lias a. fine ri nge of melody which is 
heal'd especially in the spring. This is one of our most familiar birds, 
(trriirring commonly,’ but never in large numbers, throughout the* 
whole of Continental India and Burma and Cej lon, being especially 
a bird of the Plains, although it ascends the Himalayas to a height of 
about 5,000 feet. The cock is a perky-looking bird, rather smaller 
than a bulbul, glossy black with its lower parts sharply marked off in 
white, a white bar on the wing and the outer tail-feathers wlpte ; 
it runs along the ground after insects and has a habit of elevating 
its tail 'perpendicularly at the end of its run . The hen bird is marked 
much like her mate but shows greyish-browu in her plumage where 
his is black. The sexes pair for life and are commonly found in 
gardens, their habits being very robin-like. Th^y are rather 
pugnj.cious birds, a pair generally keeping the whole of a garden to 
themselves, and the hens are, as Finn obserVes, of much more retiring 
habits than their mates. According to Hodgson, these birda are 


( 1 ) 
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, caged for fighting purposes : “ Fighting these tame birds is a favourite 
amusement with the rich (in Nepal), nor can any race of game cocks 
combat with more energy and resolution than do these birds.” 

The Magpie Robin feeds on the ground, mostly on insects, its 
diet being varied by vegetable matter and an occasional earthworm. 
The late C. W. Mason investigated the stomach -contents of twelve 
birds at Pusa and found them to contain 142 insects, of which 7 
were classed as beneficial, 50 as injurious and the remaining 85 
as neutral, the insects eaten including grasshoppers, crickets, ants, 
weevils, and other beetles, a few bees (perhaps not taken alive), 
wasps and cutwornxs. 'I’lie iujutious insects taken are of far more 
economic importance tliaj\ the beneficial and this bird may certainly 
be reckoned as one of the gardener’s friends. I have seen one 
bickle and kill a 8))liini!:'id larva which was almost as bulkV as 
itself. 

Breeding takes place from March to July, when a rough nest 
is constiiictcd in any convenient hole in a tjc^,pi;,wal], but 
ta|,c.^glace in’jh^ -'m caseTi'^uing 

•uiicf m May. Very occasionally^o nest is placed in a bush, but 
almost invariably it is found in holes in trees, banks oL'' walls dr 
under the eaves of huts and sometimes in verandah roofs. In the 
Plains the nest is usually composed of roots, grass, fibres Jnd 
feathers, but in the Hills moss and lichens are largely used, the nest 
being saucer-shaped, broad and shallow, four or five inches in 
diameter with a central depression about an inch in depth. Five 
is the usual number of eggs laid, but we have seen as few as only 
two incubated ones, and the eggs are tjpically oval, neither very 
broaijd nor very narrow, averaging about 22 mm. long by 16‘5 mm . 
broad, the ground-colour varying from greenish, greenish-white, 
to pale sea-green or delicate pale, only slightly greenish blu6, but 
they are generally all streakily blotched and mottled with differeirt 
shades of brownish-red, sometimes thinly and sometimes so 
extensively as leave but little of the ground-colour visible, and 
in aU cases the markings are most numerous at the larger end of 
the egg, on which they commonly form a conspicuous irregular 
mottled cap. We have taken one clutch of a pale greenish blue 
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without a single mark on any of the eggs. The - eggs in the same 
clutch vary very largely in the markings. 

Our Plate (Frontispiece) gives a good idea of this bird, the cock 
bird on the right and the hen on the left, the butterfly represented 
being Colias croceus fiddi, which occurs commonly all along the 
Himalayas, penetrating into the Plains in the cold weather. 



THE EGYPTIAN COTTON PROBLEM. 


A HKI'OUT TO THE EUYPTIAN (GOVERNMENT. 


BY 

H. MARTIN LEAKE, M.A., F.L.S., 
Dircdor of Affriculiure, United Provinces. 


((’oiiclinli-il from Vol. XV, I’t, VT, p, tila.) 

viii. 

I HAVE yet to deal with those subjects I^haye 

collateral inasmuch as they are mainly concernecf^vW^’p^^^^ 
aliecting agriculture as a whole and relate to cotton as 

one, though, it is true, the preponderating one, of the crops of the 
country. The distinction places them in the position of separate 
and independent sections of the Ministry between which ami the 
sections already dealt with, if formality is to be given to the relations, 
touch may be maintained tluough the Ministerial Committee. As I 
have stated, the subjects lie outside the scope of this report. I will 
only note here that the relation between mycology and bacteriology 
in its agricultural bearing is a close one, the methods of research are 
similar, and the agricultural bacteriologist is, t hrough his training, 
usually well grounded in mycology. Soil bacteriology appears to be 
the more urgent line of investigation at the present time and it may, 
therefore, be found advisable for the moment to unite these two into 
a single section. 

There remains one subject which arises from what has been said 
under the section dealing with botanical research but which, as if, is 
pi wider concern, I have left for separate treatment. In its bearing 
on the botanical work it concerns the source of the material which 
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will form the basis of that work. In the course of that discussion 
I pointed out the hybrid nature of the entire Egyptian cotton crop 
and indicated the possibility of the spontaneous origin of new and 
advantageous types as the result of the fortuitous combination, 
through cross-fertilization, of certain characters. The entire crop is, 
thus, a natural laboratory and the search for, and preservation of, 
such naturally arising and iniproved combinations is most important. 
The search is of the nature of that proverbial one- tlie needle in a 
haystack — and it is a practical impossibility that the botanical staff 
shall undertake it. Yet it requires to be done. I’liere uj^pear to 
be two possibilities, in the utilization of Grovernment and ])rivate 
agencies. 

The district agricultural staff, developed on the lines indicated, 
will give a large number of observers scattered tlironghout the 
country. In the fields and in th-e ginneries the}' will have, from 
time to time, their attention drawn to plants, groups of })lants or 
tn samples' ofsee(^‘ot ton, differing from those tyjhcal of tlje locality. 
Tr^huuld b^^fle^'actice for sucli “ finds ” to lie preserved and the 
seed submitted to the Botanical Section for trial. Jai the case of a 
single plant or an odd “ lock '' of cotton the seed will bts sent to the 
Botanical Section to be tested lor purity and for .the establishnxent of 
pijirity, if the progeny jjrove impure, if it be a group of plants that 
has been selected, the case falls under the head of bulk selection, in 
such a case it may be desirable for the circle ohitier to grow it on 
himself, for it may prove pure, or nearly so, from the start and, if it 
does, he will at once be in a position t(» establish an improved race, 
thus shortening the introductory pj-ocess. But he should, in all 
cases, advise the Botanical Section and give the ofiicers of that section 
free access to the crop so produced so thal< they may originate single 
plane cultui'es and thus establish a pure stock showing the desirable 
‘characters. Bulk selection may give a sufficient degree of piirity 
but more probably it will not. If it does not, the stock will shortly 
begin to show “ deterioration ” and by that tirpe the Botanical 
Section will have eliminated the impurities and worked up a stock of 
pure seed which can be used to replace the less pure seed which has 
begun to exhibit signs of deterioration. 



THE EGYPTIAN COTTON PROBLEM 


9 


The history of the different types of Egyptian cotton which 
have, from time to time, held the field indicates two facts: the 
frequent spontaneous occurrence of new forms and the presfmc^e in the 
country of an tifiicient body of private indiv’'iduals ever ready to 
siezc on, and develop, sucli new forms. 'I’lie existence of this body 
is a valuable asset to the country ; it. is t o + lie labours of t he members 
of this body that practically all the types of cotton at jiresent under 
extended cultivation owe their origin ; there is no reason for suppos- 
ing that their utility is ended, d’heir activities reijuire encourage- 
ment, but, while this is true, it is equally true tliat their inuamt rolled 
activities are not. without daugm' t < - 1 he cro]) us a whole. The whole- 
sale int.roduction of new v:irietic.s ,s,Mt,(i;r('d throughout th<‘ c<nintrv 
is dang'M'{/us. for .such introduction involves not only im|mrity and 
icgenerution ” of the.si', but, also of t he (‘.xisting crop, bot h by direct 
cross-fertilization in the field an<l iiy seed mixture in the gins. Thus 
the new race is in danger of being lost, an unde.sirable event if it 
has proved itself to be a real imjirovement, while, the oh! race is 
endangered and itt sul).s(>quent re-eslal)lishnu;nt, sfiohld the liew 
one prove undesirable, roiidered a matter of iloubt. 

The pr()bi^.in is to control the introdinfi ion of such new races 
without removing the incentive to those working towards their 
production. Now this iiicciitive is the money value derived from 
tli'e sale of seed during the first few years after introduction. With 
a name for superiority established and a limited seed supply, the 
price paid for t.he available seed is high and remains high until 
extended cultivation, with increased seed production, removes the 
main factor from which the profit accrues.* I find that it has been 
proposed to lay down t hat t he permission of the Ministry must be 
obtained before such a new lace is grown outside the originator’s 


*1 am awart3 tlial thin stati'iiu^nt doj*H not appear to Im' in at cord withtlie Btateiuent made 
boforo. The didore[)aiKy is, liowevc'r, liardty iiitin* Ihuu ajijianqil. The osi^onliaHact is that, 
in Eg^rpt, the later ht- mI' seed iirodnetion are iiov\]iere uiideitak« n by the farmer Jnmself, . 
Enliaiicwl prib'i's ate realized fo ■ tlie M‘ed ol a new cotton which lla^ ubtaiuetl a name, but the 
liurclinser ol the seed of Ilia L e.oltoii e\j[»)t'tH to jiureliasc hullieient to sow’ his entire area. The 
extra price Jiois prepared L-) piy is limited to the proHt he expoets to realize directly froirjthe 
crop he liarvested. Ih-oUts from new iiitroductioiiH are, thus, limited to the period when 
Uiero is ahortagi' of supply, Tliere is no eontmuityin the butjiuesa such at* will lead to the 
development of a seedsman’s trade dojt>cndent on a continuous liiiancial returu* 
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estate. Under present conditions application is made to the Ministry 
only when a bulk of seed has been obtained and it is proposed to 
start the commercial sale of seed. The Ministry has no definite 
information as to the value of the new race and, therefore, no 
means of arriving at a decision as to the desirability of granting a 
license. Under these circumstances, knowing the danger, it would 
act wisely in adopting a cautious attitude and refusing a license. 
But such refusal can but act as a deterrent to those to whom it 
wishes to give encouragement. 

The weakness in the present system lies in the absence of any 
independent knowledge of the race which will enable the Ministry to 
decide, and it is at this point that the remedy must be stmght. The 
consideration of the early history of such a race will point to a 
practical means of attaining the dual object of controlling introduc- 
tion without discouragement to ;lie producer. 

No such race originates as a bulk production ready for immediate 
introduction. The beginnings are small, it may be a single plant, 
and some years are spent in W(>rking up purity and a stock of seed 
before the supply reaches a volume to pass beyond the originator’s 
estate. A decision is, therefore, reached with regard to a particular 
race some years ])eforc it is ready to be launched as a commercial 
proposition. It is at the time this decision is reached that the 
Ministry should receive information, facilities given to the officers of 
that Ministry to inspect the crop and a small supply of seed placed 
at its disposal. That sample will be made over to the Botanical 
Section and examined for purity and general suitability. From two 
directions, the botanical analysis and the* agricultural inspection, 
the Ministry will thus be placed in the possession of information on 
which it will be able to arrive at a decision when application for a 
license is received. 

There appear to be two advantages in this proposal. The 
deriiand for early information, facilities for inspection and the 
submission of a sample of seed require no legal' enforcement by 
penalties. The onus of compliance is pjaced on the producer and, 
if he does not comply, he will have no ground for complaint if a 
license is withheld. The control will not act as a deterrent to the 
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cl^BS it is desired to encourage. Again, the supply of seed will 
provide the Botanical Section with valuable material for its own 
investigation — private agency as well as the district staff is, in 
fact, being enrolled in the search we desire to make as thorough as 
possible. 

It may be necessary to give some form c>f guarantee that Minis- 
terial development will be delayed for a series of years to allow 
the originator to reap the benefit, of his work. Such a guarantee 
is not likely seriously to affect the section’s work. In the event 
of a really tiseful “ find ” of tliis nature the sIoAver method, neces- 
sitated by the precaution taken to en.sure purity, will, in all pro- 
bability, develop a supply of pure seed at the stage when the financial 
interest f)f the originator ceases. 'I’he crop will then be Jelatively 
impure and Ministerial action wdll take the form, working through the 
licensed ginneries, of the replaccv-ient of the impure by the pure 
seed. 

The difficulty which has been experieiieed in recent years both 
with regard to Zagora and Pelion cottons is traceable to the absence of 
early knowledge of their existence. The result has been a hesitation 
in the matter of licensing, wliich cannot but have disJieartened the 
originator of these. If steps are doav taken to })rocui'e early inform- 
ation, iogelher with the other facilities to wliJcii reference has 
been made, the difficulties which have arisen in the j)asf should no 
longer be felt. 

In the preceding section.s f have review'ed the problem as 
presented at the pj'esent time and it remains for me to extract from 
that review, in tlie form of definif e proposals, tlie salient features of a 
policy which will lead to “ the maintenance and improvement of the 
quality of Egyptian cotton and the increase of its yield.” These 
proposals fall naturally ijdo two sections, the practical, or technical, 
defining the foundations for such maintenance and improvement, and 
the administrative, designed to develop those improvements. I omit 
here any proposals for the establishment of tJiose foundations. 
That is a purely scientific question, and tliis report is not the place for 
a purely scientific dissertation. I have, however, not neglected this 
matter and have devoted much time to discussing with the ofiicers 
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concerned the lines of investigation which require to be taken up with 
this subject in view. 

The central fact with regard to the cotton crop, from the former 
aspect, is that it falls into two groups. The one possesses an intrinsic 
value, that is, meets a particular need for certain definite physical ■ 
qualities. The trade requires these qualities in the cotton in order 
to develop certain qualities in the yarn. Substitution is, in this 
case, impossible. The second requires no such definite qualities. 
The only cotton at the present time that falls into the former class is 
Sakel. It is true that Salccl is used for many purposes not all of 
which require those intrinsic qualities that it alone possesses, but 
there is a definite trade of which Sakel alone satisfies the require- 
ments. Wliat proportion of the present production of Sakel goes to 
meet the requirements of that trade I am unable to say, but, until 
aome other cotton, which also ^possesses these qualities, is forth- 
coming, a certain area, not necessarily, nor even probably, approach- 
ing the present area under Sakel, must be maintained. 

This, therefore, furnishes my first recommendation. 

(1 ) 2'/ie imhiletvance of the purily of Sakel. 

This I consider to be the point of greatest practical 
importance at the present moment. It has been argued that 
i/he decreasing yield of Sakel makes this practically impossible, 
for it is not possible to dictate to the fellah that he must grow 
a certain form when it is a foregone co)iclusion that he will 
lose by so doing. The argument overlooks one point. Sakel, 
as I have stated, is used for other purjjoses than this specialized 
trade and it is so used merely because it is produced in such quantity 
that the price is determined, not by its primary, but by its second- 
ary or substituted, use. Were the production to decrease and only 
thAt quantity to be produced which would satisfy the primary use, 
the price would rise until it reached a figure which would make its 
substituted use impossible. The limits to the price that would be 
reached from this cause cannot be estimated with any exactitude, 
but it is probable that the increase would be sufficient to counter- 
balance any deficiency in yield. There is another factor to be consi- 
dered here. It was pointed out to me in Lancashire that the 
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industrial changes of the past few years have so altered the 
economic position in the cotton industry that the price of the raw 
material has now become a matter of secondary importance and that 
there is, thus, a much greater readiness to pay high prices for the 
faw material than formerly. I am inclined to think, therefore, if 
this be a true statement, that the market for Sakel will remain even 
at any price that may be necessary to counterbaJa nee the diminished 
yield. 

The danger to Sakel lies in tJiis. There is no harm, in fact it 
is probably desirable, tliat that section of the Sakel crop which 
at present goes to provide a substituted use should be replaced by 
a lower gra<le, but higlier yielding, cotton. Such a replacement can- 
not. take place, however, without danger to the entire Sakel crop. 
Unguided, that replaeemenl might easily end in the disappearance of 
Sakel as a distinct class. At the present moment Pelion forms a 
rival which may, at no distant date, replace Sakel as completely as 
Sakel itself a few years ago replaced Affifi. I’he latter replacement 
was not fundamentally unsoixnd, for it wfis a replacement of an 
intrinsically inferior, by an intrinsically superior, class of cotton. 
The replacement of Sakel by Pelion is of the reverse order, and in 
this fact lies the importance of taking special steps to preserve 
Sakel. 

The preservation of Sakel as one of the standard classes of 
Eg3^tian cotton will, no doubt, form one of the items of work of 
the Botanical Section in that, from it, a series of ptu'e line cultures 
will be made. But such work is slow and it will take some years to 
work up an appreciable bulk of seed. The method is likely to be 
slower than the rate at which Sakel may bo replaced in the field if 
Pelion fulfils the expectations of its admirers. Something more is 
required and that something will be found in bulk selection. Oilfy 
by maintaining a considerable area under Sakel and by rigorously 
rogueing the crop each year will it be safe to allow Pelion to develop 
uncontrolled. Shojdd Pelion, or, for the matter of that, any otlier of 
the new forms now coming to the fore, repeat the career of Sakel, th§ 

[ pendulum is bound to swing too far in the reverse direction and the 
Ipr^nt complaint in the trade of an excess of Sakel will be followed^ 



14 


AOMOUI-TUBAL JOURNAL OF INDIA 


[XVI, I. 


by a complaint that thei^e is too little. It should be the policy of the 
Ministry to prepare for that time and it can do so by some system of 
maintaining an area of pure Sakel sufficiently large to rectify the 
balance in a couple of yeans. It is a very satisfactory feature that 
the Domains already have this problem in hand and have available a 
bulk of Sakel seed which is remarkably pure. 

Sakel, as has been said, is the only one of the present cottons 
that possesses an intrinsic value that no other cotton rivals. It 
has, from the agricultural point of view, however, certain imdesirable 
features. As long as it remains alone as the sole yielder of that 
especial class, it must be preserved. It is most desirable that this 
position of isolation should cease at as early a date as possible. 
This will only happen when a plant with a different habit but posses- 
sing the lint quality of Sakel is evolved. Enquiring whether such a 
plant exists, I have heard Casulbmentioned as a possible substitute 
for Sakel, but have not had sufficient experience of this plant to form 
any definite opinion, and its especial fostering, if it does, requires to be 
placed in the front line of investigation of the Botanical Section. 
This leads me to my second recommendation ; 

(2) The est<ibltshinent of one or more types with the same intrinsic 
merits as Salcel hut with an imjproved vegetative habit. 

The especial importance of these two lines of work arises from 
.the fact that Sakel forms, at the present time, the end term of a 
series of cottons arranged on the basis of intrinsic merit. Sakel 
can be used as a substitute, but no cotton can be substituted for 
it in certain of ite uses. The remaining outlets for botanical investi- 
gation mast not, however, be neglected. 1 may gather these into a 
further series of recommendations : 

(3) The maintenance of the present classes by a system of 
** purifictUion and establishment of pure races. 

(4) The development of types agriculturally better suited to the 

ermronmerd, including the demarcation of type If acts. 

(6^ The development of a doss of cotton swperjfif in guaUty to 
best 8ahd. • 

The commercial aspect of these re^ommesdations is gi'Fra in 

-o™ d.t^ ta Mr. Mocw^t, UU& M Joly. iw/ ' 
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I may now pflas to the second, or administrative, aspect. The 
essential consideration here is the provision of a continuity from 
the termination of the experimental stages dealt with in the above 
recommendations to the last stage in which purity of the crop is 
established throughout extended tracts. This series of recommenda- 
tions arises from (4) above. The demarcation there indicated can 
only be made by carefully conducted trials in the various tracts. 
For this purpose an experimental farm is required in each tract. I 
may deal with the questions liere raised in a series of recommenda- 
tions ; 

(6) The division of the comiJry into circles determined, as far as 

fiossible, by clinntfir considerations and each u'ith its 

exjKr mental farm. 

In agreement with what lias ])een said in the body of this report, 
the work of these farms will be of ^vider scope than is here indicated, 
and this report is concerned witli only one of their functions. 

(7) The establishment of a seed farm in each of the circles so 

defined. 

The work of tliese will be the jirod action of a supply of pure 
seed in sufficient bulk to maintain the purity of the kind when it 
passes to the less rigid control t)f general cidtivation. 

(8) The introdvetion of a system of licensiny of ginneries for 

• tagairi. 

The system should not be repressive and its main object should 
be to procure information as to the movement of seed used for 
sowing purposes rather than to direct that movement into unnatural 
channels. 

(9) The introdnetion of a system of licensing persons desworn of 

introducing new varieties. 

Again, the system should not be repressive and should have Rs 
its main object the collection of information concerning the develop-* 
ment of such varieties. The main danger arising from uncontrolled 
• introductions of this nature has been the absence of any organued ' 
system for maintaining the varieties at the time in general cnltivatioh. 
When such an organisation has been establiidt^ lioe^oeM 
given as R matt^ of course, for fh^means<of readi^ 
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cidtivation of the variety, should it prove undesirable, and of prevent- 
ing the adulteration of the existing varieties will be at hand. 

In h'ke manner I may summarize the organization I have outlined 
for the purpose of developing the above. 

(10) The division of the Ministry into a series of sections. 

Such a division is already in existence and I am not so much, 
therefore, concerned with the principle as with the lines of demarca- 
tion. Here, too, I am only concerned with three sections, and I will 
limit my remarks to these. 

The Botanical Section at the present moment administers such 
experimental farms as do exist. There is also a cadre of Ijispectors 
under an Inspector-General concerned at the present time not 
merely with district work but \vith the enforcement of agricultaual 
legislative measures. This latter is, in my opinion, ent irely objection- 
able. It brings the Ministry before tlie agricultural pojnilation as 
primarily a repressive body whereas its true function is to appear as, 
and to be, the cultivators’ friend. Such police woi'k should be 
otherwise provided for. With this work removed, the Inspectors 
will form a body of circle officers under the Inspector-General and 
form a section comparable with the other sections of the Ministry. 
Their work will be primarily to gain the confidence of the people, 
or it is only by so doing that they will be able etiiciently to perform 
the duty of supervising the work involved by the licensing system 
from the inspection of crops to the marking of the seed. They 
will be responsible for the experimental and seed development work 
on the farms of their circle and, if the inspection W'ork is not to 
suffer, two officers will be required for each circle, the senior under- 
taking the inspection, and the junior the experimental, work. 

This recommendation, then, suggests the institution of an 
.Agncultural Section which will include the present inspectorate. 
The functions of this section will be limited to the extent that the 
work of administering such legislative measures as are passed will be 
removed but be increased to the extent that charge of the experimen- 
tal and seed farms will be added. , 

In like manner, the work at present carried out by the Commer- 
cial Section is highly specialized and distinct from that of the 
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A^cultural Bection as here defined. This section should act in- 
dependently and the liaison between it and the Agricultural Section 
will be maintained through the Ministerial Committee which forms 
the subject of the next recommendation. 

(11) The establishment of a Ministerial Cotton Committee composed 
of the heads of the sections concerned and possessing power to 
co-opt. 

The functions of this committee have been dealt with in the body 
of this report. One of its main functions will be the co-ordination of 
the work of the various sections. As I have pointed out, the source 
of danger lies at the point where development passes from one section 
to another and particular care must be taken to prevent the encroach- 
ment of one section on the field of another. At the same time care 
must be equally taken to limit the activities of the committee to such 
co-ordination and to avoid any interference with the actual work of 
the various sections. 

• (12) The establishment of an extra Ministerial Cotton Board. 

So long as the scheme for cotton development entails the joint 
activities of several bodies which are not all in one Ministry, the 
existence of an extra Ministerial Board is necessary to provide the 
necessary co-ordination between these bodies. I have preferred to 
refer to this as the establishment of such a Board rather than a^ 
a reconstitution of the existing Cotton Kesearch Board. The- 
distinction I have already drawn, between the function of the existing 
and the proposed Boards, will, I think, be obvious. The function of 
the present Board is “ to combine and co-ordinate scientific 
researches” — definition which, not inadequately, indicates the func- 
tion of the Ministerial Committee proposed above — while that of the 
Board, as I have conceived it, is primarily to co-ordinate practice with 
the results of these researches. To serve this purpose the constitu- 
tion requires to be radically altered and the Board should include in 
its membership representatives of the bodies concerned and not, as at 
present, members selected on a personal qualification. Probtibly it 
will be found to serve its purpose most effectively, if it be established 
ap a purely advisory body reporting direct to the heads of tlie ItOnis- 
tries or Departments concerned. Its members would, thus, be 
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drawn from those pei^ons most intimately concerned with the 
developments of research for which an outlet is required. 

The difference between this and the present Cotton Research 
Board is fundamental Nevertheless, I do not wish to imply a 
wholesale and immediate condemnation of the present Board. That 
Board has, I think, a useful function at the present time, The 
research staff will be mostly new and lack experience of the country. 

I would suggest, therefore, that the proposal I have made be consi- 
dered as an ultimate policy and that, in the meantime, such proposals 
as arise be considered in the light of such a development so that no 
steps may be taken which will vitiate their ultimate adoption. 



SOME EXPERIENCE WITH POPPY GROWERS IN 
THE UNITED PROVINCES. 


BT 

H. E. ANNETT, D.Sc., F.I.O., M.S.B.A.C., 

Afpictdfvrdl CJimniist to the Oovernment of Bmqal, on Speddl. Duty, Oatovfore. 

It occasionally falls to the lot of members of the Agricultural 
Department in India to introduce some new procedure among a 
number of cultivators. It is not«always easy to determine to what 
extent the cultivators can be relied upon for honest co-operation. 

The present paper gives an account of an innovation required 
to be introduced among opium poppy cultivators, who received a 
reward to encourage them to do as desired. Data are given showing 
the numbers of them who acted up to their obligations and those 
who did not do so. In this respect it is thought t hat the paper might 
be of interest . .agricultural readers. 

The writer was placed on special duty in 1916 in order to discover, 
thereasou why Indian opium was so much lower in morphine content 
than the produce of Asia Minor and the Balkans. It was essential 
that India should turn out opium of higli morphine content. It was 
soon found that the method of lancing the capsules was different in 
India from that used in the other countries mentioned. Whereas in 
the latter the capsules receive only one lancing, in India each capsule 
receives successive lancings at two or three day intervals untifit 
yields no more latex, and the total produce is mixed together. As • 
nmny as five or six successive lancings are taken in some seasons from 
the same capsulqs in India. My experiments showed that the 
morphine content of the opium of each successive lancing undergoes 
a rapid progressive decrease. Whereas the first lancing might yi^d 
rs per cent, of morphine in the dry matter of its latex, the product of 
• ( 19 ) 
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the fourth lancing would probably only yield about 6 per cent. The 
problem was therefore to get the cultivators to bring in the produce of 
their first lancings unmixed with that of their later lancings. Some 
few weeks after the opium has been gathered, the cultivator has to 
take it all to a certain centre where a Government opium official 
takes it over, weighs it and pays for it at a certain rate fixed by 
Government. In order to obtain the first lancing unmixed with 
later ones. Government offered a reward of R. 1 to cultivators who 
would bring their opium in in two portions, one to consist of the 
produce of the first lancing and the other of that of the subsequent 
lancings. It will be stated here for convenience of future description 
that the cultivator usually brings in his opium in earthen plates. 

As a result of two seasons’ experience it was found that the 
opium collected from the plates purporting to be the first lancings 
was not as good as we had reason to expect, though individual 
parcels gave up to 14’5 per cent, morphine, which is quite up to the 
Turkish standard. The only explanation of this would appear to be 
that many of the cultivators were not acting fairly in the matter. 
They knew they were to get a reward for bringing their opium in 
in two plates. It is quite likely that many of them would not trouble 
to keep the product of the first lancings separate from that of the 
later ones, and would simply divide their total produce into two 
plates immediately before handing it over to the Government opium 
officer. 

During the past season the writer has carried out a number of 
tests to check the behaviour of the cultivators. Arrangements were 
made through the Opium Agent for certain district officers to take a 
number of samples of genuine first lancings in the field from certain 
cultivators whose names were recorded. When these same cultiva- 
tors brought in their two plates for weighment by the opium officer, 
each of their two plates was sampled. All the samples, i.e., 
three from each cultivator, were sent to me for examination. 
The cultivator, of course, when having his opium sampled in the 
field, was not to be informed that further 9 amples would be taken 
at weighments. Samples were received from Unao, Bae Bareli, 
lyzabad, Fatehgarh,^ Etawah and Ghardpur. If the cultivator is 
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beliaving squarely, one would of course expect the contents of his 
first plate to agree fairly well in its morphine content with that of tiie 
sample taken in the field, whereas the contents of the second plate 
should be much lower in morphine content. The following are l^e 
results of the analyses : — 


He rial 
No. 

DiBl.rict 

1 

1 

Cultivator’s name 

PeBOKNTAOE of MORFHINK CAL- 
CULATED ON THE DRY MATTEB 
OF THE OriUM (t.e., CON- 
SISTENCY 100°) 


Sample 
tuken 
in held 

First, 

t.e., 

medical 

plate 

Second 

^>late 


1 

1 Etawah 

Matigali 

17-6 

13-7 

11*2 

Doubtful 

2 

i 

Mula 

13*9 

11*8 

8*4 


. 3 

1 

FarainRukh 

11*8 

8‘7 

10*1 

Non-gennine 

4 


Kehre Singh 

• ISO 

12-9 

9*0 

Doubtful 

5 


Arjuii 

161 

14*4 

10*6 

Genuine 

(\ 

Uuao 

llayashanker 

131 

i2*5 

8*5 

ft 

7 


Sheocharan 

131 

8*1 

10*6 

Non-genuinc 

H 


Indu, Kaohi 

12-9 

12*8 

i(i-» 

Genuine 

9 


Pokhai, Kaohi . . 

lJ-7 

12*0 

8*6 

ft 

iO 


llamadhin 

10*3 

10*6 

15*1 

0 ) 

11 


Khagga, Pasi 

14*4 

14*6 

9*5 

Genuine 

12 

Ghazipur 

Katwaroo, Lr. . . 

14*9 

14*1 

8*3 

n 

13 

*» 

Madho, ,t 

16*3 

16*4 

9*7 

tt 

14 


Fakir, „ 

130 

9*9 

11*2 

Non-^;enuine 

15 

1 *9 

Ajodhia, Asarai . . 

10-0 

9*1 

7*4 

Genuine 

16 

>t 

Kanulas, „ 

15*9 

120 

12-3 

Non-genuine 


ft 

Sheojsarat „ 

15*4 

13-6 

10*1 

Genume « 

18 

Fyzabad 


13-9 

12*4 

9*4 

»» 

19 

9t 


12*7 

9*0 

10*1 

Non-genuine 

20 

ff 


9-5 

9*8 

4*7 

Gennine 

21 

99 


13'0 

13*0 

10*5 


22 

99 


9-9 

11*5 

6*9 

>» 

23 

99 

Maharban 

120 

10*1 

60 


24 

Fatohgarh 

Durjan, Kaohi . . 

lJ-0* 

10*0 • 

8*6 

Doubtful 

25 


Dalla, Kahar 

9-6 ♦ 

9*3* 

4-3 

Genuine 

26 


Palia, Kaohi . . 

91 • 

8*3 * 

9*1 

Non-genuine 

27 

• ft 

Pulandai, „ 

11-8* 

11*8* 

9*9 

Genuine 

28 


Balwani, „ 

11-2* 

11*1 * 

6*7 

*» 

20 

*» 

Parsadi, „ 

7-2* 

8*9* 

9*2 

Non-genuine 

30 

Rao Baroli 

Baba 

13-8 

131 

9*2 1 

Genuine^ i 

31 


Baiju 

11-5 

10*7 

6*3 

tt * 

32 


Lallan 

12*8 

10*5 

8*9 

Doubtful 

33 

” 

Panoham 

12*3 

10-3 

9*0 

Non-genuine 

34 


Mst. Surajia 

13*2 

10*6 

9*5 

tf 

35 

>» 

^ Merai 

10-4 

8*8 

9*6 

m »» 


* The Bamplee token in the field and those from the first {dates were the produce e| 
tUe first and second landny combined. 
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The remarks column shows whether it is considered that the 
cultivator has behaved fairly or not. Thus, if the first plate does 
not show a higher morphine content than the second, it is obvious 
that he has not played the game and has been guilty of fraud. 
He must in this case have mixed all his opium in the first plate, and 
when bringing his product in for weighment have divided it into 
two plates in order to obtain the reward. Occasionally it might 
happen that a man miglit have kept the early lancings separate from 
the later ones, but have su])sequently handed in by mistake the later 
lancings as the first. This would appear to have happened in the 
case of serial No. 10, where the produce of the second plate gave 
16’1 per cent, of morpliinc and that of the first plate only 10'6. 
There appears to have been some mistake, however, in the original 
sample taken in the field in this case, since this only gave 10’3 
per cent, morphine. This case «has, therefore, been recorded as 
“ doubtful ” in the remarks column. 

In those cases which are marked as “ genuine ” the morphine 
content of the sample taken in the field agrees fairly well with that 
of the sample taken from the first plate, whereas the morphine con- 
tent of the samjde from the second plate is considerably lower. 
Typically genuine cases are serial Nos. 9 and 11. Such cases 
as serial Nos. 5,13,18, and 26 are classed as “ genuine,” w'here 
there is a difference of 1 2 per cent, in morphine content between the 
samples taken from the field and fronr the first plate respectively 
but where the morphine content of the sample taken from the second 
plate is much lower than either. 

There are, liowever, a number of cases where it does not seem 
that the cultivator has been altogether dishonest, in which there is a 
distinct difference in morphine content between the contents of the 
fifSo and second plates and yet at the same time the sample taken 
• from the first plate falls a long way below the standard which one 
would expect from a consideration of the analysis of the opium sample 
taken ip the field. Such cases are serial Nos. 2, 4, 24, and 32. 
It may be that the cultivator obtained only admail yield at the first 
lancing and was afraid that the opium officer would not give him the 
one rupee reward for such a small amoimt of opium, and therefore he 
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took some of the opium from the second plate in order to add it to 
the first. 

Summarizing the results, it will be seen that the behaviour of 
36 cultivators has been examined. Only 19 of these or 64 per cent, 
acted up to their obligations. Ten of them or 28 per cent., either 
through dishonesty or carelessness, did not attempt to act up to 
their obligations, and five cases or 11 per cent, must be regarded as 
doubtful. In the remaining case there must have been some error 
over the samples. 



THE CARE AND TREATMENT OP NEW 
SUGARCANE IMPORTATIONS. 


Br 

lUo SxntB T. S. VENKATRAMAN, B.A., 
Acting Oovernmcnt Sugarcane Expert, Coimbatore; 

AND 

R. THOMAS, 

Sub-Assistant, Sugarcane Breeding Station, Coimbatore. 


Introduction. 

With the great simplification in methods of transporting 
sugarcane material for planting,^ movements of cane varieties 
from one locality to another are becoming increasingly common. 
During the last three months, the Sugarcane Breeding Station at 
Coimbatore sent out over 170 packages of cane varieties and 
seedlings to various correspondents. This article is written to give 
a wider publicity to the methods employed at this station in the 
matter of the rather detailed and personal attention which such 
importations require during the first years of trial. 

When one reads of a promising variety in any locality, it is 
an easy thing indeed to dash ofi a letter to the place of origin for a 
supply of the material, but the need for proper attention and care 
.during the first few years is not always adequately realized. A 
bad stand, often due to lack of sufficient attention during the early 
stages, inevitably postpones the testing by a year, and the enthusiast 


* Venkatraman, T. S. “ Paoking Seed Sngaroaaes tot Tnuupott.” Agru Jour, ^ India,' 
XV, Pt. 11, March 108O. 

( 24 ) 
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is filled with disappointment at the additional year of waiting 
required. This is often due to lack of time or staff, especially in 
farms where other crops occupy a more important position ; but 
the old adage, “ If a thing is worth doing, it is worth doing well,” 
holds good in this as in many other cases. 

The parcel and its opening. 

The transport agencies, be they rail or steamer, are not generally 
over-careful in the handling of such packages, and it is a good plan to 
stow away the parcel as soon as received in a cool shady place. Even 
with the best of packing, labels have been known to get displaced in 
transit ; it is therefore desirable that the unpacking is done in the 
immediate presence of a responsible officer and with an expectant 
attitude as to such possibilities. A certain amount of system followed 
in the unpacking — the sender ca#not but follow some system — ^has 
been known to save varieties from being lost for planting, through 
the displacement of labels in transit. Should, however, a doubt 
arise, it is far better to discard the lot, rather than plant it out, 
under a possibly wrong name, to be a continuous enigma to all 
concerned. 

The parcels should be opened as soon as possible after receipt, 
for they often contain buds in advanced stages of germination, and 
tlusse are liable to be lost for planting, should the unpacking be long 
delayed. 

Before the actual opening of the parcel, care should be taken to 
see that the land to receive them is ready for planting. In the 
case of oversea consignments, where the material is often of a very 
limited character — ^frequently consisting of two to three live buds — 
it has been found a good plan to plant a set of buds in large-sized pots 
(I'e" high and I'G' diameter at top), to guarantee reserve mateJfal, 
should those in the field fail to germinate, as pots are easier to' take' 
care of than plants in the field. These pots should be carefully 
prepared with potting-earth, bottom one-third filled with sand and 
stone pieces to help in drainage, raised over pieces of brick and the 
drainage-holes car^ully tarred to prevent the entry of termites, and 
the name of the variety clearly written on the outside of the pot in 
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uliitA'pftmli and enamel to prevent its' getting robbed out. Tbe 
toane plants grow Inxnriantly' in these, and at the station one of 
these potshas been kdown to give as many as lo8 buds for planting 
«,t the end of one year. 

Examination of thb matkrial. 

% 

After unpacking, the pieces should l)e carefully exatn’iied for 
any disease that may have escaped the notice of the pander and 
developed ea route. The cane pieo ' in transit, caref ally protected at 
the ends from desiccation, appar ntly forms au ideal culi h use 
for the full development of any disease, chiefly of fun;* M o.i -’r In 
the case of oversea consignments, where thoe is *' •on'.n. risk of 
importing new diseases along with the cane mat«‘iiai. it i.s “sseniial 
that the material, before pl"mting, phmiJd bt passed by <’ comfietcnt 
entomologist and mycologist, as t^ic unwary in^iodui tiou oJ a ur‘w 
disease into a locality will often iiuuc than covnlorbalance any 
good that may ensue by the introduction into culti’-at.-n of iJ e neiv 
variety or seedling. It may appear rather han. to h.-ve to ilesrroy 
wholesale a variety which it has taken a certain amount o. siren ^ous 
correspondence to import, but the interests ol the indust/’v as a 
whole requires to be safeguarded by ^very possible nieanv, and 
the example of Java, wheie the industry was brought to un 
bnnk ot extinction by a single disease, should rcconcil'* c e to vhe 
thorough examination advocated above. Very receuiiy, n whole 
consignment of such imported material, which, owing to the 
free rooting and shooting, appeared quite healthy, was condemned 
by the mycologist, as it showed a fungus not common in this 
ootmtry. 

Ultimately, all that is needed for planting is the bud with the 
IrflSediately adjoining root-zone, and portions of the internode, which 
have become sour or rotten during the transit, should be carefully 
removed. Such a deterioration is confined solely to ovei^a consign* 
mentcir which have been delayed in transit and have been fdnnd to 
pn^odioialfy the germination of th^ buds. Sinne of /the 
varieties now at the station have resulted frmn bnds 
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Should the land to recep^ the material be not readj, or ahould 
there be room to apprehend that the buds may be deetroyed by 
termites during the early stages of germination, the following 
method is recommended^ (Plate II). 

A raised baml>oo platform is erected at a convenient height 
from the ground, say, 3 feet. A thin layer of straw Is spread over it 
and sprinkled over with thick cattle dung solution. The cane pieces 
are now dipped in the same solution and are arranged irregularly and 
in a heap over the layer of straw. The irr^ularity in the arrange- 
men t of the cane pieces secures a certain a mount of air in between the 
setts, a necessary condition to satisfactory germination. The heap 
js again covered over with a thin layer of straw dipped in the solution 
and kept moist by careful and repeated waterings. A paper label, 
iKMriiig the nwne of the variety and treated with paraffin as described 
in a previous article,* is secured to tlie bamboo ni front of the heap b) 
means of a paraffined string. When a large number of varieties are 
placed tor germination on the same platform, .i sufficiency of space 
should be allowed in between the adjacent heaps to prevent chances 
of a mix-up. In about 12 days the buds are seen to germinate freely 
ai\d the best time for planting these out has been found to be about 
20 days after the stAit ; but the germinated plants can be kept on 
these benches for as long as 60 to 60 days. The supporting posts aic 
smeared with tar, crude oil emulsion oi some other deterrent to keep 
ofi ants and other insects. 

In all the operations described above, as also in the actual 
planting in the field, it is a soimd plan to finish ofi the variety on 
hand before the next one is taken up. The operations described 
above are so simple liiat any careful cooly could be trained to, 
do it, but they are so important that they should be done in the 
presence of a responsible officer. 
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through An AttAok pl white antfi; Mh’WinM sie 
in t^ oaite of new iinjKtttatk^ an^ the 

the loetliods employed at t])is statlia' 'against 
a fair amount of success. Beep, tltoeough and 
luts been found the mort effeotiiye tamedy 
'IS^" |>cst ; but there ahrays turn up instances' where the 
caMi j^uts^tOOdld not be ddayed till the land is brouj^t to this 
in sneh ctoes daborste precautions ure apparently 

indidi^ 

fU^' of half-rotten cattle-dung, not infrequent in manure 
purc^B^t^m outside, and all fibrous material ofier special 
it^^aej^k^its Ibr this pest and are to be carefully removed from tiw 
j^ore the planting. 

^ tp:e then taken to impregnate the stdl surrounding the 

'fll^'lii^ei^^with some repellent. For this (tarpose, before each 
trenches are sprayed with a walk Solution of crude oil 
emulsio^^^rr^ lb. of emulsion to 10 gallons of j^t^r. The iidlgaiion 
wat^, sis |t,)^iks down, carries with it the solutidnand surrounds the 
planted* left^ with it. Besides, the pieces themselves a 'dipped, 
jbnnSBdu^telyrbefore planting, in tar-water,* which is pt^ipaa^ by 
boiling wate]? in an earthen pot and adding to it coal-tar, dzpp by 
, the rate of about two to three drops to every gaQon of water. 

fbv tp^imparts a characteristic smell to the whole of ^ liqui^ 
diould of course be cooled' ludhie dippix^-^ 

-'‘white latdi nw very quick in thtir work df destruetion 
apl the fidds, il at all infested, diould be inspected as often 
as ppBtiU»p--qVery monfing in the eadier stages-— and crude 
nil emulsion et tar*-water applied to the tienchw a* often as 
' iStequepI inigftioBiii by its^n ganldeteogtfh bit i| 
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PLATE II 




'1 f’in ij. 

SlKiAKCANKS DAMAQ-J) WHITK ANTS. 

I'lji. 1. slni\\R ihe rnmnioiirrinrnf «»f (hr altin'k on plnnlrd 
F*!}!. 2. liliistrn^r.s a nioio .idxanord in llir aMnrk, 

F'irt. d, is a picturp of llic liasal poilion of a niatun' ranr whirN atliarled HUrntmn hf ranse 

tliL‘ witFirring al tlu* lo\». Only the riml was Irfl and llir centre, was filled witli mud. 
A portion of the rind has been removed (o show ihi^ mud inside. 
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The ravage# 

^neearliar stages, lyittooes Srelttotrii' 
weffe folly matwce, tlisMbfte a^tii had*#4«ti4if^fiW4|^^ 
a£ to leave only thh l^Ndlijg to oaneS qoita 

aj^gearanoe, but fil}ed'> i:Mide;«i^ |ll||0|i^ 'of 
oeHeac and pith (l^late III, 3). 

Case q? CB»t^ 

Because ot ^de variations in the ttnaea -oi planting and harvest 
in the difierent cane eovntries ^ thd world, sndi impoctatiohs otihi 
arrive at the wrong eeasro and are negated to some hastily prepared' 
comer of the cane plots. This should he avoided, a caiefol eye Ibspt 
on the maturing canes, and smtahle |ttecautions taKsh dgainSt any 
pests or diseBse8«to which these am specsal^lMthledhhikkgthe early 
years of acclimatization. ’ 

Bats are a serious menace in most cane plantations. The 
enconity of the damage is often suddenly realized when a 
nambefr of eane clumj^ in a field, which hbvoh^n bf^^rad all inidid 
by these creatures, come down suddenly #oon sd^ a heavy rain oS' 
v^d, A certain amount of cleanliness of the plots, oonshtifig ol 
the careful removal of all trash and other rubbish that acoumnlate 
under the cane clumps and the propping of all lodged canes, greatly 
h^ps by lessening the places of shelter for these creatures. 'Wbem'^nff 
the damage is extensive, considerable help could be derived 
systjatnatfipidly sntoldng the rat-holes by means of a white*^nt #irter- 
Inina/tdr and sulphur fumes described in a note by Ur, T* F. Ifain, in 
the **Agliiimltural Journal of India,” Vol. XT, 1916, psfrs 83-66. 
Bound about the station there is a class of people who relish 
these tat food and secure tbeifi for thru table by smddbg the 
with the very simple ^appcuatuB pbtassd in Flate 

i^£ 

tldMyft^M^'^lDklbesfnn^ to cive boT ha tU 
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rijght has selected the hole for smoking and l-ns closed up all other 
exits with wet mlid. Further, he has inverted i he smoking pot over 
the selected hole, plastering it all round with wet mud. to prevent the 
escape of smoke, and is ready to blow the smoke into it by applying 
his mouth to the tiny opening at the bottom of the pot. A few dry 
cattle-dung cakes and three of the day’s victims are seen in the 
foreground. The cost of the outfit is very little as the pot costs but 
half an anna, and lasts at least a month. The cattle-dung cakes are 
gathered by the roadside. The smoking described above does not 
kill the rats but only stupefies them. These try to come out. when 
they are easily caught by the other cooly on the watch. Two 
coolies, belonging to this particular class and costing 12 annas a 
day, have been known to do about an acre per day. This operation 
requires to be repeated at intervals. 

The white-ant exterminator ^nd the sulphur fumes method 
referred to above are about eight times as effective as the local 
method. 


Preliminary tests for suitability. 

It is important that information about the behaviour of the 
new arrivals should be available as early as possible. Tt is 
desirable, therefore, when tliere is sufficient material, to start the 
chemical analyses of the juice earlier than for the rest of the ca nes and 
continue it later. This will yield valuable dal a about the “ early ” 
or “ late ” character of the importations, a quality of considerable 
importance in the introduction of a new variety into a locality. 

To form any useful opinion about the introductions, a large 
field scale test is desirable and steps should be taken to bring them 
into this condition as early as possible. Good germination and stand 
in the cane plots are best secured by using for planting portions of 
the cane which contain a relatively large amount of glucose, such as 
the top halves of mature canes or immature canes. It is remarkable 
how quickly cane material could be multiplied. In the experience 
of the station it has been found possible to grow in a period of two 
years one-tenth acre plots of varieties for which only about forty 
buds were received at the time of importation. 



CARE OF NEW fiUOAROANE IMPORTATIONS 


31 


Lastly, it is essential that a new introduction should be tried 
for a series of years before being finally condemned as unsuitable. 
A variety called “ Fiji B,” whic* during the first years put up a 
poor show in the estates attached to the factory at Nellikuppam in 
South India and would have been long ago condemned by a hasty 
superintendent, is now considered the most pronusing cane for that 
locality. 



FORESTS AND IRRIGATION: A PLEA FOR 
SCIENTIFIC PRESERVATION AND 
GROWTH OF STATE FORESTS 
AND SPECIAL CULTURES. 

BT 

S. K. GUETU, M.A., M.Inst.C.B., M.Inst E. (India), F.R.S.A., 
Member, Board oj Bevenue, jor Irrigation, Gwalior. 

The importance of forests to all civilized nations was emphasized 
by the late President Roosevelt m his address to the American 
Forest Congress assembled in 1905 to discuss ways and means of 
stopping the rapid deforestation going on in America. After some 
preliminary remarks the President observed : “ The great industries 
of agriculture, transportation, mining, grazing, and of course lum- 
bering, are each one of them vitally and immediately dependent 
upon wood, water, or grass from the forest. The manufacturing 
industries, whether or not wood enters directly into their finished 
product, are scarcely, if at all, less dependent upon tlie forest than 
those whose connection with it is obvious and direct. Wood is an 
indispensable part of the material structure upoti which civilization 
rests, and it is to be remembered always that the immense increase 
of the use of iron and substitutes for wood in many structures, 
while it has meant a relative decrease in the amount of wood used, 
has been accompanied by an absolute increase in the amount of 
wood used. More wood is used than ever before in our history.” 

In sounding a note of alarm against wilful destruction of forests 
Mr. Roosevelt remarked : “ If the present rate of forest destruction 
is allowed to continue, with nothing to offset it, a timber famine in 
future is inevitable.” 

We may well ponder these remarlcs, considering tha't the 
extension of the forest area and preservation of existing forests 
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on which bo much emphasis is rightly laid by the State Forest 
Department are regarded by the revenue officers of the State 
as the chief items of grievance against the Forest Department ! 
Apart from economic reasons, the physical conditions, too, of 
this State require a sound forest policy. All the big streams 
of the territory are, year by year, carrying away good top 
soil to the Ganges, the water courses are being deepened, 
•and the subsoil water level is being perceptibly lowered ; old wells 
require deepening almost every two or three years and the cost 
of sinking new wells is greatly increasing. Rainfall conditions are 
getting more and more uncertain, with th'i consequence, that agricul- 
ture has become a game of chance. Drought and famine, instead of 
being occasional intruders, arc becoming familiar, though unwelcome, 
visitors ! Every 1 bird year in Gwalior we are confronted with scarcity, 
and large moneys have to be spent to afford relief to the ryot, who 
lives from hand to mouth and has no staying power. Gwalior is 
rich in mineral resources, but we have neither coal nor enough wood 
to exploit them economically ! A large portion of the State is lying 
uncultivated and covered over with inferior jungle. If this very 
area were covered with trees yielding useful timber, wo would not 
require to import timber from outside ; the fuel problen\ will be less 
acute and, what is more important, we will not have to burn cowdung 
canes, a valuable manure, in large quantities every year ! It behoves, 
us therefore to set about thinking how this undesirable state of 
affairs can be modified. 

There are many ways of developing the resources of the State, 
which it is not necessary to dilate on here. I shall only consider the 
introduction of a sound forest policy, in which irrigation will play 
no mean part. To bring into prominence the importance of 
silviculture, and the great impetus that can be given to it by the 
Irrigation Department, it is first necessary to consider some of the • 
issues involved. 

Rainfall. 

In a senu-and tract like Gwalior, the rainfall plays a very 
important part. If the rainfall is sufficient and well distributed the 
harvests are satisfactory, the cultivator is happy and there is not 

3 
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much difficulty in realizing land revenue. Should "the rtuna &il 
or be badly distributed, immediately famine conditions supervene, 
the land becomes parched and dry, crops wilt, fodder withers, the 
(?attle starve and die in numbers by hunger and 1 hirst, and the famish- 
ing ryot forsake their holdings in search of food, many die in the 
way and few return to resume their agricultural pursuits. This has 
been going on for untold ages and accounts for the sparseness of 
population in Gwalior. Ai ]>! (>sent the means of conserving moisture 
are inadequate, ftwalior is no doubt the best protected State in 
Central India and lias rhour l.dOO tnnks varviug in cnpavity from 50 
to 10,000 million i tihic feof. hut these hold hiiek an inlinilesiniHl 
portion of the total jirecijiitalion. Kven if the constructional 
activity goes on on the prcvsent lines, it will be deiaides before any 
appreciable .storage can be effected. “ The solution, ” as 
Mr. Lippineott. of the United Stgtes Reclamation Service, remarks, 

“ of the problem of storage of flood water is not in retention of a .small 
percentage of the .storm watens behind dams, but in applying storage 
on the entire watershed (i.e., the catchment ba.sin) by the .systematic 
protection and extension of forest and bru.shwood-covered area. ” 
This points to irrigation and forests working in collaboration, with a 
view to extending tlie forest area liy sy.stematic plantation, wherever, 
as in the vicinity of irrigat ion Works, it can be effected <*conomically- 
Only very recently have the ryot learnt, the advantages of irrigaftion 
in agriculture', and it yet remains to be discovered that if the 
irrigation Avorks were taken advantage, of it will not take long to 
develop our forest.s rapidly. 


Run-Off. 

Run-off is the portion of rainfall which rushes into the outfall 
and thence to the sea. At present a large percentage rushes off 
immediately on precipitation, very' little going into the subsoil to 
feed the springs. 1’his is not only a direct loss of .so much precious 
fluid, but in its mad career from the high to the lower lands it 
works incalculable havoc in the following ways : — 

(f) In washing off finer particles of soil and thereby 
impoverishing the cultivable land. 
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iii) In increasing the ravines and oontiacting the cniturablo 
area, slowly but not the less surely. 

(lii) In deepening the streams and lowering the subsoil water 
level. This point has been well brought out by 
Mr. Sidney Preston, C.B.E., C.I.E., M.T.C.E., in his 
lecture at the Ajmer College, to which J invite a 
reference. 

(fv) This annual rush-off has also a great effect on the physio- 
grapliic form of the land. If the process of denudation 
is allowed to go on. the him] becomes precipitous and 
sloping, whereas if this denudation is not in play the 
slopes are gentle and the agricultural land absorbs a 
very great proportion of the precipitation. The 
ravines of Chambal afford an object lesson. Not only 
ha ve lahh.s of acres hefn destroyed by the ramification 
of its ravine, s. which are gaining yearly on land 
under cultivation like the tenta(‘les of an octopus, 

))nt the fields in their vicinity arc becoming coarse 
graiiu'd and are being covered over with pea kxtnkar. 

To our aecustonied eve the damage which is going on 
is not apparent, but if an accurate topographical 
map of the locality had been prepared a couple of_ 
centuries ago, its contrast with the present map would • 
have been something more than startling, in his 
lecture on the itnportance of the forest to agriculture, 
the Hon’blc John Lamb, of the American Congress, 
observes : “It is claimed that about 200 square miles 
of fertile soil are washed into t he rivers annually in the 
United States, while the los.s in crops and other pro- 
perties destroyed by floods will run up into millions.” 
This applies with equal force to India. 

The above will give some idea of what loss the run-off is doing. 

To avert this havoc two things are Jiecessary : (i) conservaJtion of 
rainfall by reservoirs, and (w) extension of forests in all regions, 
where, for some reason or other, cultivation is not possible at present. 

For instance, if the population is verj'’ sparse in any region, it is 
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idle to reserve land, from settlement to settlement, for cultivation in 
the hope of an increase in population ! Increase of population is a 
function of prosperous conditions and not, as it is generally believed, 
prosperous conditions the result of population necessarily ! If the 
conditions of life are made easy and food available in abundance, man 
multiplies apace. A reasonable margin of cultivable land near 
existing holdings may be reserved for further expansion of cultiva- 
tion but the greater portion, at present wild waste, should be turned 
into' timber forests and systematic plantation done ; but nothing 
can be done till the angle of vision of the revenue officers and the 
ryot changes ! Nothing can be done without their active support. 
The Forest Department should regard it as their principal duty to 
educate public opinion as to the importance of forests in the human 
economy. People should be taught to regard forests not as a 
necessary evil to be tolerated tiK agriculture advances but as an end 
in itself. Forests require to be protected from all encroachment 
from the Kevenue and the Agricultural Departments and developed 
for their products as much as for the preservation of land from 
denudation, and to obviate intensification of aridity. 

Nattoe’s reservoirs. 

It is claimed for forests that they lead to greater precipitation of 
rainfall, and we may well hope that by the cxcension of forest’area 
rainfall conditions will improve. This, however, is not so important 
as the direct conservation of moisture by forests. A great portion of 
the rainfall, in a thickly covered forest, is absorbed by the leaves. 
Of the balance which falls to the ground a considerable portion is 
caught up by the leaf mould and sheddings of the trees and under- 
growth, which hold it prisoner for a considerable period, and if the 
precipitation is incessant and extends over a long period, reluctantly 
as it were they allow a small portion to go to the outfall, but the 
excess escapes gently and keeps up a slow though steady discharge. 
What the streams lose in amoimt, they gain in steadiness : instead of 
the surplus rushing off torrentially to thef sea, leaving the drainages 
dry within a few hours of rainfall, the amount escaping is very much 
smaller, but qontmues for months — ^the forests act as Nature’s 
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regulating reservoirs and flood moderators ! No fine particles are 
allowed to be carried to the sea, and in consequence of the slow rate 
of the run-off a very considerable portion of the precipitation hnds its 
way into the subsoil and bolpi. to raise the water table. The 
deepening of the water courses, if not altogether stopped, is greatly 
minimized. Agriculture is benefited by the steady flow which lasts 
to beyond the rahi season. The presence of moisture in forest areas 
tends to keep the temperature low, not only withiti the forest, but for 
miles aroimd. This greatly modifies the climate which is rendered 
more equable, and in consequence of this hygienic conditions improve. 
Trades and industries dej)endent on foresi, j)rodu(;e flourish, work is 
found for thousaaids of men, and the cause of civilization and 
humanity is advanced. The >Sta 1 e is direct ly benefited in the increa.se 
of revenue and indirectly in the prosperity of its subjects. 

A sound famine protection jTolicw canjiot ignore the import- 
ance of conserving moisture by const ruction of irrigation Works and 
extension of forests. Even though iji years of scarcity tanks do not 
fill to the brim, they exercise a mo,st beneficia l effect on the land under 
command and the ryot within their sphere of influence. Their 
presence makes for stability and keeps the ryot from losing their 
heads and getting demoralized. Forests also come in handy ; they 
supply fodder and water to the starving catth*, and men also find in 
the hospitable regions of forests something to fill t heir stomachs with. ■ 
The loss of cattle in the famine of 1905-00 was something terrible, 
but it was mainly due to the munificence of His Highness the Maha- 
raja in throwing open forest reserves to the public that a small 
percentage of cattle could be saved ! 

The Gwalior Stato has got immense possibilities of extending 
irrigation, and wherever there are irrigation works plantation of 
fruit and timber trees is easily possible, owing to the presence of 
moisture. There are about 1,000 State tanks, large and small, round • 
about wliich plantation of valuable timber trees can be done wfith a 
small cost. This^task is specially easy iti black cotton sojj tracts. 

On Akodia tank (Fergana Shujalpur) I saw numerous sandal trees 
growing naturally some 10 years ago. Their value was not realized 
by the local zemindars who cut the inxmature trees for petty gain. 
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If cultivation of sandal trees were extended in Malwa, it would be 
found to be very pajdng. 

In view of the gradual disuse of opium in China and consequent 
slackness of demand for it, poppy cultivation is much restricted. 
This has seriously affected the revenues of Malwa : it is very neces- 
sary, therefore, gradually to introduce otlier high paying plants like 
sugarcane, tobacco, cotton, rice, etc., for wliich iriigation affords all 
the necessary facilities. Sugarcane requires ati assured supply of 
water. Now that big reservoirs arc being constructed cultivation of 
sugarcane can be largely extended. 

As regards the future of tobacco in Gwalior, as elsewhere in 
India, I quote the following extract from a note on the growing 
of tobacco in India for the European market published in the 
“ Agiicultural Journal of India, " Vol. 111. Part IV : 

'■ Out of a total area ctf 220,000,000 acres under crops in British 
India and Native States, over 'one million acres are under tobacco. 
This figure is probably well under the mark. No statistics are at 
hand to show the value of this crop, but if we take the figure of £5, or 
Ks. 76 per acre, as representing the gross yield, we have a trade 
equal to over 5 million pounds sterling, which would bring it into the 
fifth or sixth position of importance among the crops of India.” 

Some revenue officers labour under the idea that unless water is 
guaranteed all the twelve mouths of the year raising of high class 
crops is not possible. 1 have tried to combat this id(‘a in my paper 
on development of high class cultivation in Malwa. Besides, sugar- 
cane is extending steadily in Sabalgarh and Bijeipur Perganas though 
I guarantee no Avater in April, May and June. During these three 
months the demand for water is keen and is met by digging kaoha 
wells, which is economically feasible, owing to the subsoil in the 
vicinity of irrigation works being highly charged with Water and 
« which can easily bo tapped. 

Now that the State boasts of a well -equipped Agricultural 
Department and the Forest. Department, has secured the services of a 
Forest Expert and also a Chemist of Mr. Puran Bingh’s calibre, and 
the Irrigation Department is doing its little bit, an era of intelligent 
co-operation between the allied Departments of Kevenue, Irrigation, 
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Forest and Agriculture should be ushered in. The millennium will 
never come by pious wishes but by active translation of these wishes 
into acts under the guidaiKtc of experts of the several departments. 
Indians have yet to learn that, co-operation docs not consist in 
meddling in others’ affairs and constantly exercising the critical 
faculty but in constructive co-operation and intelligent accommoda- 
tion. India is on the eve of emancipation. The States should have 
their full share of this glorious opportunity, and put their houses in 
order. Being less traninielled by red-tapisni and officialism, they 
are more free to introduce wholesome reforms and see their fruition 
lung before the highly organized and unwieldy machinery of the 
In'j)enal Government permits it in the British provinces. 



SOME LOCAL PRACTICES PREVALENT IN 
SOUTH INDIA IN THE CONTROL OF 
INSECT PESTS. ♦ 


BT 

T. V. RAMAKRISHNA AYYAR, B.A., F.E.S., F.Z.S., 
Assistant Entomologist, Madras. 


The existence o£ insect pests and the troulde some of them often 
give have been known in Soutli India from time immemorial, and 
I fancy it is the case almost everywhere else. It is also not unknown 
that in different parts of the country various ideas are entertained 
as to the origiji and nature of pests, and oftett numerous local me- 
tliods.are in vogue to clieck insect depredations. Now that scientific 
methods are being adopted to investigate the nature of these pests, 
and attempts are made to devise control measures on a scientific 
basis, I believe it might be ijiterestiug, and perhaps useful, to have 
some idea of the local beliefs prevalent in different tracts regarding 
insect pests and the various rural methods practised to control them. 
It might also enable us to examine whether any of these practices, 
many of which, liowever, are apparently empirical, crude and often 
meaningless, bear any scientific relation to the different modern 
methods suggested by entomologists, and whether any of these 
are of any real value to be encouraged. In brief, it would give us 
.an idea how Indian farmers and house-holders of the old days 
stood in relation to insect pests. A fair amount of touring into 
some of the rural areas of the Madras Presidency fpr over a decade, 
and some close familiarity with the various reports of pests received 
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by the Agricultural Department officially from time to time, iave 
enabled me to make some observations and gather some information 
on this aspect of the subject, and T am just attempting in this paper 
to describe very briefly some of these indigenous beliefs and 
practices, chiefly with the ide. of getting some information 
in this line from workers assembled liere from other parts of 
India. 

With regard to the various local beliefs entertained })y villagers 
as to the causes that bring about insect outbreaks, we can find, 
unfoi-tunately, very little of scientific tinge in them. The chief of 
these are God’s curse, the alleged bad position of the planets for the 
season and the prediction of a local oracle or astrologer, the dis- 
pleasure of a particular village deity who was not properly propitia- 
ted, a neighbour’s black art or evil eyes, the approach of a polluted 
man or woman, a l)ad wind, floods, sudden and unexpected changes 
in the weather, and a number of other causes real and supernatural. 
It. need hardly be st-at.ed that, with tlie exception of some of 
these which are quite evident, few of the above would generally 
appeal to scientifi<i men and could therefore be brought within 
the realm of practical politics. However, one or two interesting 
points with regard t.o some of the prevailing local beliefs on the 
origin of crop pests may be mentioned here. The appearance or 
disappearance of insect pests is very often associated in different 
parts of South India with the appearance and the direction of the 
winds ; this is especially the case in the delta tracts of Godaveri 
and Kistna ; the fayirgali and the thoorpagali have their own 
significance and are regarded as very important by the agricul- 
turists. A good deal of stress is also laid on the time of sowing 
particular crops to avoid pests, and I have heard from experienced 
and educated ryots that in some cases early sown fields, and 
in others late sown ones, suffer from pests. Such beliefs are’ 
entertained in many places and are probably the conclusions of 
years of experience, and as such we are not yet in a position 
to belittle them though convincing scientific explanations for 
Such phenomena have not yet been found out to co nfir m such 
views. 
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K«iir> oomiog to coi^trd measuxee adopted, ve eoiowder 
tlnne ander the following convenient heads :— 

Eeuoious or faith curbs. 

Itt tnost villages many of the famenr, believing as i^ey do in 
SOpemattttal catniet of insect outbreaks, naturally do nothing ; 
they thinlk idbat the curse of God should run its natural course. At 
the 'Same tinte there are others who resort to faith cures such as 
‘ MhldVUBrmefifffis, magic, and so on. in the belief that the curse may be 
avoided or cleared. Most of these methods consist in getting the 
ptfofessiotlal local soothaayei or magician to perform some ceremonies 
4;d drive the pest and save the ciop. While once in the South 
AjJoOt District in connection with the study of the leaf miner (Surul) 
pest of groundnuts, I f ame tu ross a professional pesf dnver who 
reluctantly wrote me ou? a Sanskrit (ouplet, whicli be told me in 
confidence was very effective m < he(*kutg peats. The verse is to the 
effect that all Sorts of pests lan l>e driven by means oi a talisman 
prepared and fixed by an individual born of a particular yotraot sect 
among dwijas or the twi( e-lioin The pioc'ediue consisted in this 
man preparing thrc'e small shjis containing the verse wiitten down 
and havipg these buried at the t Jiree t omers ot an infested plot on a 
Sunday morning. It is believed that the pest clears out through the 
ffeUxth comer trf the plot. J have given this one inblance j ust to give 
fiU idea ot some oi these ludicrous ^methods in vogue. 1 am told 
t^t in 'parts ot Coclini and Travancore, when paddy fields are 
infeeted. with pests like tJie rice-bug, etc. Christian ryots often 
resort to the method of sprinkluig on the iniested fSelds sanctified 
watet Ofbtaified from Catholic priests. To ward ofi the effects of tlie 
avi^eye winch is said 'to produce injury or disease to crops and m 
whiich many literate people have iaith, these axe curious devices 
litM^^loyed in different places. Very often a field with a promising 

k it happens to be situated by tjlie side <A a thoroughfare, is 
qfteilipwtstfM £toni the evil eye by the prondneot ei^ldtion of some 
Cttiirww bbjeet in the middle oi that plot, su^ as a ikuU, a dead 
orow, a stufied figure ot an unnatural man or woman, a painted pot 
ouu pole»oto. (Plate V, figs, 1 and 2.) In gardaoe whig% betel 
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vine* and gta|>«s are grown, viaitoxa are not usoalfy djbwed 
admiaiioa, and in tbe former case never witli one’s shoes on. Wbil# 
inside a betel vine garden once in the Tanjore District, where I was 
relnctsntlj'^ allowed admission by the owner, I just overheard a 
conversation to the effect that no higher caste man should be 
allowed into a betel vine garden, because the garden will suffer from 
the evil eye. Some of the local methods reported to be resorted 
to in villages in some parts of the North Arcot District against 
caterpillar pest 011 paddy were the sacrifice of a goat to the village 
deity and making cooly girls perform a ceremonial dance near the 
infested field. The various harvest Icstivals called pongals, pujas, 
etc., performed U.S ihanksgiving for a good crop, and prayers fora 
hiture good crop, are also said to have some significance in 
keeping off insect pests. 

Ill spite of the lunny and curious nature of many of these 
methods, many cultivators still have faith in these cures and cling 
to those practices. One reason for this, so far as I have been able to 
make out, is this : In some cases of pest outbreak, such as swarming 
caterpillar, the time ot the sudden disappearance of these creatures 
into the soil or otherwise due to their peculiar habits 
synchronizes with the apparent inactivity period soon after some 
taith cure is adopted. 

We will now come to consider other local methods which 
appear to be of a practical nature. Though many of these are carried 
out in most cases without the knowledge on the part of the ryots as to 
their bearing on insects or on their habits, some of these practices 
have been found to produce the desired results. 

Cultural methods. 

Weeding, Very few farmers will admit that they carry out this 
process of weeding to check insects ; but in effect this method goes & 
good way in checking insect pests. I know that in parts of South 
Kanara, in the villages along the Ghits, where the rice-bug is a bad 
pest, the cultivators believe that penodioal burning of the jung^ 
grass arwmd .their paddy fields reduces the pest copsaderably, «&d 
there is a good deal of scientifio truth undsrlying the san^ 
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Flooding. In parts of the Godaveri Delta, flooding of paddy 
fields is adopted to check swarming cateipillar ( Spodoptera) attack. 
In some villages of the Coimbatore District, the same method is 
resorted to in betel vine nurseries where the yoimg Seshania ( agathi ) 
plants are attacked by the caterpillar Prodenia. 1 n both these cases, 
the result is effective and brings up the caterpillars which become a 
prey to insectivorous birds of sorts. 

Draining of wafer. This is believed t o check rice Hispa in some 
villages of South Kanara. 1 have also read of this practice in parts 
of Bengal for the same pest. 1 am not quite sure as t o whether this 
practice does not prevail in some places in the treatment of the 
rice-case worm {Nympliula) also. 

Seleciion. In the well-known tobacco areas in the Godaveri 
lanl~a.s, before the seedlings are transplanted into the fields from the 
nurseries, there is a system of weeding-out sickly seedlings and those 
that show a sort of swelling at the stem which is caused by the stem- 
borer of tobacco {PJithorinma heliopa) ; many of the tobacco growers 
are familiar with the pest and this sort of selection is found to do 
immense good. But what unfortunately lessens the good effect 
of this intelligent measure is the rather imperfect way in which the 
discarded seedlings are disposed of ; they are not destroyed but left 
on the field Imnds, thus hel})ing many of the borers in these stems to 
live on and infect healthy fields. 

Groiving of mixed erojts. Just, as weeding, this is also a very 
well-known and common pract ice in many dry land tracts, and, as in 
the case of weeding, it is doubtful whether the cultivator ever thinks 
of insect pests in this (;onuection. However it be, there is no doubt 
that this mixed cultivation of different crops certainly contributes 
its own share in reducing insect pests. 

Seasonal plovghing. Though this is not done regularly with 
special reference to the control of insect pests, in most cases there is 
no doubt that this method has its own insecticidal value — especially 
when it is done after an attack of hairy caterpillars, grasshoppers, 
cockchafers or cutw'ornis. In South Kanara, when small plots of 
paddy are badly infested with Hispa in the third crop plots, the 
farmers plough up the field and sow pulses. 
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III. Mechanical methods. 

In different parts of the country when farmers find that their 
infested fields are still bad in spite of all faith cures and agricultural 
methods, they resort to the tr>itl of various mechanical and other 
methods of a practical nature. Among these arc : — 

Netting, bagging, etc. For pests like locusts, rice-bug, swarming 
caterpillar, etc., it is a well-known practice in parts of Malabar and 
Travancore to destroy these by collecting them in bags, nets, winnows, 
etc. Though worked on the same principle, the contrivances are of 
various kinds. In some places paddy ndnnows are used, in others a 
sort of bamboo winnow with a long handle is used. T have also seen 
caterpillars being swept by brooms into baskets and ordinary 
bamboo iimbiellas u.sed as bags to collect very young green cater- 
pillars (Plate V, fig. 3). In one. place in the Coimbatore District, 
where ]>addy seedlings were had*}’ infested with surface grasshoppers 
of sorts. I found that the farmers used to drive the hoppers to one 
comer of the })lot and beat them to death by means of palmyra 
leaves, their long .stalks being used as handle. Cotton clothes used 
as upper clothes or headgear by the ryots are also improvised 
many a time to serve as sweeping bags and worked by two or more 
men. 

Smoking and hurmng. In parts along the Malabar Coast, a 
iL-ystem of creating smoke to drive away the rice-bug is found, t'he 
same method is adopted in other places to drive away blister 
beetles which damage cer(5als in flower. 

The nests of troublesome wasps and bees are also often scorched 
by a burning torch, generally at night. 

Other mechanical methods. To check the rice-case worm in paddy 
fields, it is a custom chiefly in parts of North ]\lalabar to drag a 
thorny tree branch across the infested field, which makes the small 
cases of the worms drop down into the water. ^This is also said to 
be practised in the North Arcot District for leaf caterpillars like 
^delan^t'i/S , etc. • 

9 

The covering with muslin or paper bags of ripening fruits of good 
varieties of pomegranates, mangoes, etc., is a practice in many 
gardens all over the country, and this certainly has some deterrent 
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charms to protect the bulls from diseases. Whatever it is, I find 
from what I have observed that this tuft- of wool keeps away to a 
considerable extent the biting flies that worry cattle in these hill 
tracts. Any one travelling in these tracts will notice the havoc 
done by these flies to cattle, and 1 am led to think that this tuft 
of wool is an effective preventive against fly pests. 

IV. Medicinal methoi>s. 

We might now examine some of these metJiods wliich more or 
less correspond to what entomologists (»ill insecticidal methods. 

The commonest practice in vegetable gardens against insect 
pests of all kinds, no matter what their habits are, is the use of 
ashes. It will be found used for brinjal fruit and stem borer, 
lahlah aphis, cucumber fruit fly, brinjal epilachiui and many 
a common vegetable pest. , 

(bice in a village in the Salem District, I saw ordinary white- 
washing lime being .splashed on lablah vines against- plant-lice. 

An improvement in the mechanical metJiod of smoking is found 
in the following two cases wJiere some extra effect is attempted to be 
produced by smoking special materials, in the Adoni Taluk, the 
smoke is produced by burning hides and hoofs of cattle to drive 
away blister beetles attacking dry crops ; in the Dharmapuri Taluk of 
the Salem District, on the other hand, there is the curious system 
of burning pig’s fat to fumigate a field infected with rice llispa. 
There is no doubt that some temporary relief is got by creating 
smoke, but this latter system of using pig’s fat does not show any 
appreciable effect on the rice Hispa. Speaking of the method 
of smoking, many of us are, 1 believe, aware of the burning of 
frankincense and resinous gums in houses to keep away mosquitoes ; 
but I don’t know whether burning and creating smoke with the 
dung of elephants and liorses for mosquitoes is so very widely, 
prevalent. 1 have seen this in parte of Malabar, Anantapur and 
Cochin. 

Banding with tar of posts and trees against termitek, and the 
nse of kerosine against ant nests in buildings, are methods too well 
known to demimd any ^ecial remark. 
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Climbers, when they go up trees like mango infested with the 
troublesome red ant (Ocophylla), often carry with them pouches 
containing ashes which they splash against trains of ants on 
the tree branches. 

I have seen in some parts along the West Coast that fermenting 
starchy liquids are exposed in coconut gardens and this is found 
to attract chafer beetles of all sorts, including the coconut 
rhinoceros beetle. 

It is reported that the use of the powdered cake of the fruit of 
the Maravitti tree {Hydriocarpm tvrightiana) checks this coconut 
beetle and is said to be used in parts of Travancore. 

Apart from the manurial value of several oil-cakes applied by 
farmers to growing crops, such as nim (Melia), castor, groundnut, 
some of these possess some insecticidal value of their own, though 
how far the farmer realizes it is a doubtful point. 

In many interior villages different kinds of vegetable drugs are 
being used in various ways in the belief that they check pests ; 
though many of these are of doubtful value, there are some which 
show promise of efficacy and which are therefore worth trial at the 
hands of scientific men. 

In different parts of the comitry stored products, especially 
grains, are preserved in bins together with the leaves of nim (Melia) 
or nochi {Vitex nojinda) plants ; the latter I have seen in parts of 
Soutli Arcot and Tanjore and the former is, I hear, used to preserve 
horse-grams, etc., in parts of the Kurnool District. For my own 
part I doubt whether these have any insecticidal value in keeping 
away store pests. In some villages along the Mysore uplands, such 
as Kollegal, grains like rcuji {Eletisine coracana) are stored in 
underground pits and these keep quite free from pests. 

I have recently come to know of a very interesting method of 
preserving stored products in parts of Mysore, which is by keeping a 
small quantity of pure mercury in the same bin, and it is said to be 
very effective. 

Speaking of the preservation of stored grains, etc., in general, 
the method in which store-sheds or gran§,rie8 are built in different 
places^appears to be more or less satisfactory. The bigger granaries 






„ fioinpH nrpuN pBAotiojBs IN <J0NT*0L OP iiriSBqi pissra' 49 

are often built with stone pavement, higher u;^’‘ tbe ground level, apd 
in most oases are as insect and damp-prool as ^possible. I have seen 
this to be the case in many villagea iff the Circars. In the South 
Arcot and the adjacent districts cheap insect-preof seed bins are found 
to be used. These are made of (larth or bamboo matting, and 
when properly covered and plastered with cowdung, as is usually the 
case, the seeds or grains remain quite healthy and more or less free 
from vermin (Plate VII). 

V. Other methods. 

A very curious method of driving insect pests has come to my 
knowledge very recently. It seems that the following method is 
adopted in the Adoni Taluk of Bellary District to drive blister 
beetles. One live beetle is caught and smeared with or dipp^ in a 
mixture made up of asafoetida, caw-dung, lemon-juice, etc., and b 
then let loose among the companions, and it is believed that all the 
beetles are driven away from the field where this dipped beetle is 
liberated ! This method more or less approaches the modern method 
of spreading infection with fungi, bacteria, etc., to drive 
insects. 

The ute of natural enemies against insect pests is, of course, 
still in its infancy even in many advanced countries ; we, however, 
see such an idea in the practice of letting loose ducks into fieldk 
inft'sted with swarming caterpillars or grasshoppers- -a practice that 
is noted in parts of the Chin^eput District ; the results appear 
very encouraging. 

The above are some of the various indigenous practices I hate 
been able to note, and it is quite possible that many others exist 
which have escaped my notice. Therefore I must admit that this - 
paper does not exhaust all the local practices found in diSerent 
parts of the country. 

From an examination of the various practices described aiMvp, 
one can hardly doubt that,' in spite of the fact that maiy of them 
are empirical and devised- oil imperfect knowledge of 
their habits, some at least of the many local methods noted have 
some praoMoal v«due and must, therefore, foirm the nuclei from 
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which a good many of our modern scientific methods liave to develop. 
This is the case, I believe, in almost every country, especially in 
those where agriculture is the chief occupation of the people. To 
confirm this belief, we ofteii find in old publications references to 
several old ways of dealing Avith insect pests in western countries. 
There is a humorous household English couplet suggesting a 
prescription to check fleas, which runs thus : — 

“ WHfi) wormwood halli sot*d, a handful of Waiiie, 

To hav<‘ Mundi fo make floa refrain ; 

Where eljamlicr is swept and wormwood is strewn 
No flea ftjr Jii.s life dure abide to he known.” 

We also read of other commonsense methods adopted in the 
western countries, v-iz., bait s for wire worms in potato fields, poisoned 
baits for caterpillars, etc., etc. 

In every country, therefore, there must have existed such 
beginnings, and all Inter jiratitices form the result of years of scientific 
study and experience- — )»ot only in trying old remedies to test the 
results, but applying them in ways suited to the habits of different 
insects after a thorougli study of the life of each insect concerned. 
In India the cvolnlion of the modern scientific methods n.^ist and 
can j)rogress only stej> by step and it will be far from perfect for 
many years to come. From fatalism and faith cure to crude 
measures, and from the latter to intelligent and effective methods, is a 
gradual pi'ogress which has to be effected Avith a sound ground- work 
of agricultural education, so that Ihe future Indian ryot will be able 
to connect intelligently these nici hods with the habits of different 
pests and then be in a position to dcA'elop or discard the practices of 
past generations. At the present moment— which can be described 
to some extent as a transition period — what many of our farmers 
unfortunately forget is (of course I only refer to the illiterate and 
ignorant majority) this very sequence of events with regard to the 
development of control measures and the main fact that all methods 
suggested by the economic entomologist of modern days have been 
the result of trials with the accumidated experience of past genera- 
tions, and that they are devised solely on a commonsense basis Anrith- 
out anything superhuman or mysterious underlying them. They 



SOUTH INDIAN PRACTICES IN CONTROL OF INSECT PESTS 61 


are therefore tempted very often to laugh at the entomologist and 
blame him for not finding magical and cure-all panaceas for 
checking all sorts of pests at one stroke. 1 cannot help adding 
that- even among the educated classes — most of whom are not 
farmers— this sort of impression prevails in sonu; places. Nor 
should the modern entomologist be blind to the fact that in some 
of the crude local practices lurk the germs of many a future 
successful remedy; he too should therefore be very careful in 
condemning any such methods before he gives them his best 
attention. 

1 believe, however, that time is not far off when, with the co- 
op(!ration of the scientific; entomologist with his insight into the life- 
history and habits of insects on one side, and the experienced and 
intelligent Indian cultivator with the local experience of several 
generations on tlu' other, this suspicious way of looking at each other 
will vatiish to the satisfaclion of both the parties and, at the same 
time, add to the material welfare of the country. The object of this 
papei' is to place before you these unconiiected points and invite 
remarks on this subject from observers resident in other parts of 
India, and, if possible, to find out the relations between the local 
practices in Madras and in the other provinces. 



CROSS-FERTILIZATION AND STERILITY 
IN COTTON. 


BT 

ft. L. KOTTUE, B.Aa., 

Cotton Supervisor. Southern Division, Bombay Presidency. 

Thk cottons growing under the conditions of the Bombay 
Knnt.-’ ih are mostly self-fcrtili^ied, but the incidence of natural 
crossing ic by no means insignificant. The principal varieties, viz., 
Kumpta and Dharwar- American, flower from November to April. 
Other cottons similarly cultivated follow almost the same course. 
The flowers in general open in the morning, but the exact time varies 
according to climate and variety. In cold weather the opening is 
late, at about mid-day, and in hot weather it is early, being complete 
before 9 a.m. On the same day the American varieties open their 
flowers earlier than moat of the Indian cottons. The white-flowered 
Neglectum varieties are very late in this respect. They do not open 
their flowers at all in the cold months of December and January. 
But as the temperature advances in February and March, the opening 
takes place at about 12 noon, three or four hours later than other 
cottons. In any case the anthers burst immediately after the 
unfolding of the petals. The stigma is receptive at this stage, or at 
any rate the pollen grains falling on it get a better start in their race 
than those that reach it later on. The entire surface of the style 
that projects beyond the staminal column is stigmatic ; and this 
has been proved by cutting the stigma and fertilizing it only 
at the base. Again, in the majority of flowers the filaments of 
the upper anthers are sufficiently long to touch the base of the 
stigma. 


( 52 ) 
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All these conditions are quite favourable for self-fertilization. 
The anthers are in contact with the stigma and they shed their pollen 
as soon as the flower opens. But, on the other hand, we have in most 
cottons a very attractive corolla. The quantity of honey and pollen 
in the flower is profuse, and invites the insects that roam in search 
of them. All these favour natural crossing. We have thus one set 
of conditions favouring self-fertilization, and another set favouring 
cross-fertilization ; but the former occur as a rule and the latter as 
an exception in all varieties of Indian cottons under observation at 
Dharwar. 

The amount of natural cross-fertilization taking place in cottons 
varies prob-' ' I y wil li different varieties. The climatic conditions and 
the numhci of insecis also play an important part in the matter. It 
is, therefore, impo.ssibleloluive const ajicy in the opinion of different 
observers on the subject. Aniei in* opinion is, in general, in favour 
of high amount of natural crossing under ordinary conditions. In 
India the problem is iK»t fully studied. Ganmiie ® believed that 
Indian cottons were normal ly self-fertilized. Other workers on cott on 
do not seem to have given very serious attention to the question. 
In Bombay, and probably in other provinces as well, no notice 
of natural crossing was taken for a long period, and all selection 
and breeding work was done without any provision of guarantees 
for self-fertilization. Extra-prolific plants were now and then 
observed in the field and selected as progenitors of new and 
valuable races. These, however, disappointed their discoverers 
by throwing out a number of useless forms ; and still cotton 
was considered to be a self -fertilized plant. In 1910, Mitafifi 
(Eg 3 q)tian) and Cambodia cottons were gi’owm under irrigation 
at Gokak in adjoining plots. The Mitafifi variety almost failed 
but the small quantity of seed produced was preserved and 
sown in the following year. This gave about two hundred plants, 


^ Cook. U. S, DtpL. of Agri., Bur, of PUint Ind, BulL So, 147. 

Allard. Amerioan Breeder^ Magazine, I, 11110. 

• Gammie. ‘’The Indian CottonH.'’ Mem, T)ept, AgrI. India, BoL *Scr., Vol. 11, 
No. 2, 1907. 
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out of which twenty-four individuals were remarkable for 
their vigour, prolificness, and quality of cotton. Of these, twelve 
were selected but none was found to be true to its parent in any 
character. The appearance of white flowers revealed their hybrid 
origin. Similar observations were made in other cottons, but 
the experimental proof of the incidence and extent of natui'al 
cro.'^sing began to be collected in the Bombay Karnatak from 
the year 1014. The following methods were employed for the 
purpose ; - 

(1) Opening the buds artificially with as little injury to the 
petals as possible, and leaving them after emasculation to insects to 
fertilize. 

(2) Growing side by side two pure strains of cotton, one with 
a long leaf and the other with a short one. In this case, the 
seeds of the short-leaved type were sown in the following 
year and the amount of natural crossing determined by the number 
of the long-leaved individuals. It was thus found out that the 
percentage of natural crossing was 0’5 per cent, according to 
the first method and 6 per cent, according to the second. The 
smaller amount in the former case may be accounted for by the 
unattractive appearance of the petals which were more or less 
injured while openijig them artificially. But there is no doubt 
about natural crossing taking place in cottons growing at JJJiarwar, 
and, in view of the vitiating influence of even the si.iallest quantity 
in all our breedijig and selection work, to ignore it is fatal in 
the case of cottons. This being the case, it was decided to prevent 
natural crossing in cotton-breeding j)lots by protecting the flowers 
so as not to allow the access of insects to them. This was done for 
some time by enclosing the buds in paper bags, but the difficulty of 
handling a large number of plants in this way led to the invention of 
a very simple and eflective method of putting small iron rings on to 
the buds. 

A large number of plants are thus self-fertilized every year, and 
this has greatly helped us in producing superior strains and in main- 
taining them pure. But self-fertilization in thiamanner, though valu- 
able and indispensable, is believed to induce sterility when continued 
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for a few years. The observations of Leake and Earn Prasad^ indicate 
that there is diminution in fertility in the case of plants raised from 
self-fertilized flowers, and this diminution is marked in some cases 
as early as the second generation. If this is valid for all cottons 
and in all climates, we are really confronted with a problem of a very 
serious nature. It was for this reason that observations were made 
at Dliarwar on the local variety, viz., Kumpta, with the following 
results : — Instances of sterility are found in the crop of ordinary 
Kumpta which is allowed to cross freely iii the field. The sterility 
is of three kinds — (1) affecting all the floral parts except the calyx, 
(2) affecting the anthers, and (.3) interfering with the development 
of the ovules iii the ovary. 

In the first kind, the hracteole ajid calyx are produced on the 
plant, hilt t lie petals, anthers and the sU'le are altogether suppressed. 
This condition is invariably correhited with a kind of malforraation of 
the leaves whicli grow greatly reduced in their size and variously 
curled. But their sterility associated with a general malformation 
of the plant has obviously Jio connection with the sterility induced 
by self-fertilization, and is in the nature of a diseased condition 
of the plant— a diseased couditioai the cause of which is not yet 
known. 

In the second form of sterility, the stanu'nal column bears a 
number of anthers which cojitain the pollen grains. But all anthers 
are not fertile, some are empty sacks containing no pollen. These arc 
generally small and shrivelled and of a greyish colour. Thus, in the 
second kind of sterility the formation of pollen is interfered with on 
account of the morbid condition of anthers in the flower. In Kumpta 
cotton such infertile anthers are not uncommon. They are found in 
about 75 per cent, of flowers. No case of complete sterility in 
which all the anthers are infertile has, however, been met with, 
although thousands of flowers were examined specially for the 
purpose. The number of anthers on the staminal colunm is about 
seventy, and in the worst case observed the number of infertile 
anthers was not more than thirty. The following statement shows 


Mem, Dept. Agri, hidia, Bot. <S’er., Vol. IV, Mo. 3, 
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the extent of sterility as observed in 500 Kumpta cotton flowers 
taken at random : — 


Number of sterile authoi-s 
ill tlie flowers 

Number of flowei’s 

Percentage of sterile 
anthers 

0 

128 

0 

1-5 .. .. 

112 

71 

O-lO . : 

81 i 

14-3 

JI-15 .. .. 1 

03 

21*4 

10-20 .. .. 1 

45 

28-6 

21-25 .. i 

20 

35*7 

2 iu:io 

21 

42‘b 


WV iluis see that the local cotton of Dharwar ]noduces infertile 
aiuhevs even uiidei' normal conditions. The same is the case with all 
cottons ifrowing at Dharwar. Even tin* American varieties are no 
except i<(ii f t his. Tlu' ovules, as a’ready stated, a re mostly fertilized 
froi,: ii. ;> own ])ollen. and we therelore do not know to what extent 
this kijid <.r sterility is due to continued self-fertilization. But at 
any rale if it is partly or entirely the result of self-fertilization, 
the progeny of itidividual plants continuously self-fert ilized for a 
number of generations must show a greater degree of sterility than 
others, and we have for this purpose one such individual continuously 
propagated for the past six years from the seed of artifically self- 
fertilized flowers. The amount of sterility in the seventh generation 
of the above plant is shown below : — 

Numbur of slmb* anthers 
iM the flower 


-Nwiibcr of Uower.. Percentage of sterile 
anthers 


0 

1-0 
0^10 
11-15 
10-2U 
21-25 
20— Jo 


HI 1 

u 

180 

71 

!32 1 

14-3 

” 1 

21-4 

10 I 

28 (i 

i 

35*7 

0 

42-8 

0 I 

50-0 


By comparing this table with the previous one for Kumpta 
cotton, it will be evident that sterility of this kind has not increased, 
but on the contrary the percentage of flowers havihg more than ten 
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sterile anthers is markedly less in the progeny of the continuously 
self-fertilized plant. There is another pure strain of white-flowered 
Negl^um cotton originally brought from Sholapur. In this strain 
the flowers are clistogamic during the cold months of December and 
January. During the hot months of February and March, the 
buds open, but late. The anthers, however, burst before the opening 
of the petals, so that self-fertilization is sure even when the flowers 
open. The plants of this strain, therefore, are almost entirely ferti- 
lized with their own pollen, and it is for this reason that the progeny 
was found very uniform even in the first generation. Neverthe- 


less, the flowers are duly protected as in other varieties and : 
there is no marked degree of sterility, as compared with Kumpti 
the sixth g'^'ueiation, as seen from the following table 

>.’uriib< r ot vttirilc aiitlnT- m floMer 

j Xunibor of flowel•^ 

0 

12U 


jo:j 


D7 

11-15 

53 

hi-20 

JS 

21-25 .. .. , 

1 

J1 

20 -:to .. .. .. 1 

IS 

:u-;r. 

22 


In both these stiains the vigour and prolificness are not 
injuriously affected to any extent. On the contrary, the Neglectum 
type shows marked improvement in these characters. 

In these cottons complete sterility of the anthers was not 
observed. The stigma received during the whole of the flowering 
period sufficient pollen, but even then all the flowers formed did not 
develop into bolls. The shedding of young bolls is a thing which is 
very common in all cottons growing at Dharwar. The varieties 
which are never* artificially self-fertilized are not immune. The 
following statement shows the number of flowers opened during each 
month of the flowering period and the amount of boll shedding on 
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ten Kumpta plants grown from seed always produced under normal 
conditions : — 
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Pebkuaby 
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i 

lllARCH 

Plant nuinbei 

t 

9 

w-i ® 

C 2; 

X 

1 

u 

=•■2 

, *© 

W,' s 
* 

c rz 

£ 

! ^ 

' iff 

' 

*3 % 

y 

If 

1 

! »<-i Su i 
. c S ' 

‘ t ^ 

1 .-J C. 1 

ll. i 

w' 

5f G 

= s 1 

^ 'x i 

H-i 1 

J. 

? 

C t 

. ^ 

o ^ 

y 

1 
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*0 
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of bolls 
formed 

1 

3 

' 0 

100 

J8 

• 1 

j 10 I 

1 

1 

90 

, 20 

li) 

0 

" 1 

2 

4 

3 

25 

37 

1 20 1 

10 1 

37 

1 

97 

0 

0 

3 

i 

1 

0 

28 

! 15 1 

53 ' 

00 

10 

S3 

0 

0 

4 

2 

J 

no 

22 

: 12 1 

45 

52 

IS 

05 

0 

0 

5 

0 

U 

0 . 

J7 

j 14 ! 

IS i 

32 

7 

78 

0 

0 

« 

0 

0 

0 , 

28 

I 1!) 1 

32 1 

37 

3 

94 

0 

0 

7 

0 

0 

0 

31 

i IK 

42 : 

79 

12 

84 

0 

0 

8 

1 

1 i 

0 

21 

1 15 1 

29 

40 

10 

75 

2 

0 

9 

1 

1 

0 , 

25 

i 1' 

32 

3S 

10 

73 

0 

0 

ID 

7 

2 

71 ' 

23 

1 Ki 

! i 

30 

50 

14 

72 

0 

0 

Tot.m. . . 1 

ID 9 

nil ' 

25(1 

j i<«' 

30 

521 

105 

79 

2 

0 1 


From this it is evident that on the same plants the early flowers 
are more successful than the late ones. The cause of shedding is 
not definitely known. Moisture and temperature exert probably a 
great influence. A crowded condition of plants in the field also 
plays an important part in this respect. Leake^ finds that the per- 
centages of bolls to flowers is small on continuously self-fertilized 
types and he, therefore, thinks that shedding is niduced by self- 
fertilization. The obscrvatioJis made at Dharwar, however, do not 
show that continued self-fcrtiliziition has any sucJi influence, as 
evidenced from the following statement : — 

Xiimbeiuf 


Name of euttoii 

iJoseriptiou 

llow<*rs 1 

pnsluecd in j 
the season on | 
135 plants j 

N umber of 
bulls 
fonned 

Pereeutage uf 
shedding 

Kumpta 

Never selfed 

4,202 : 

1,580 

02-3 

Bliarwar No. 1 (a strain of 
Kumpta) 

Continuously 
selfed for 0 
years 

3,858 

1,897 

50-8 


^ Mm. Dept. Agri. India, hot. her., Vol. IV, lA). 3. 


I’trcentage of 
shedding 
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Continued selfing thus does not seem to cause excessive shedding 
of the bolls by increasing the ste’ Uty of the anthers, or in any other 
way. 

The third form of sterility which interferes with the fertilization 
and development of some of the ovules in the ovary is also, like the 
second, common in many cottons. The average number of ovules 
in the ovary is nineteen in the case of K umpl a cot ton, but the avei'age 
number of seeds in the ripe boll is eigliteen. Thus one ovule per 
boll on an average fails to grow into seed. This was first thought 
to be due to something wrong in the pollen. Twenty flowers were 
therefore pollinated with the pollen of sister plants using much 
larger quantity than necessary. The ovules were then examined on 
the third day when it was quite possible to detect the unfertilized or 
abortive ones by the absence of hairs on them. Thus it was found 
that, out of 371 ovules, fiftedi remained without making any 
j)i'ogress. Most of these were the top or bot tom ones. The sterile 
conditionof the ovules, therefore, seems to be due to their unfavour- 
able position in tlie cell. The number of abortive ovules in the 
pure strain continuously self-fertilized is almost the same, there 
being no increase. 

In conclusion, therefore, it may be said that there are three 
forms of sterility iji Kunijfia and other cottons growing at Dharwar, 
and that their amount has not been found toincrease in pure strains 
subject to continued self-fertilization for a nuinlxu' of generations. 



sows OBSERVATIONS ON THE INELORESCENCE 
AND FLOWERS OP THE GRAPE. 


BT 

8. H. PRAYAG, MJlo., 

Of the Depariment of Agrieuliure, BonAay 

The inflorescence (flowering snoot) of the grape consists of the 
common peduncle (or stalk), of the sub-peduncle and of the 
flower-tendril. Sometimes the flower-tendril may be absent. The 
sub-peduncle consists oi a main axis on which secondary axes 
bearing flowers are borne. This secondary axis also bears the 
tertiary axes which in turn bear flowers. The inflorescence is thus 
a compact panicle. 

Trtmiiim form of infiorescerm. All .stages between 
inflorescence and tendrils are noticed. Plate VlII, fig. 1, shows all 
intermediate stages from the normal inflorescence to a tendril. 
Plate VlII, %. 2, shows the homologous modified inflorescences 
bearing fruits. In Plate VIII, fig. 1 (III), the sub-peduncle has 
assumed the form ot a tendril with only few flower-buds. Sometimes 
the flower-tendril is replaced by a normal sub-peduncle bearing 
flowers and fruits as in Plate VIII, fig. 2 (III). In t he variety Camp- 
bell’s Early (Tree No. 38, in the Ganeshkhind Botanical Garden), 
it was peculiar to note that the flower-tendril bad branched at the 
top and both the bifurcated branches had a few flower-buds. 
Plate IX, fig. 2, shows, an extreme case of a tertiary axis 
becoming curved and assuming the form of a tendril. When the 
sub-peduncles and the flower-tendrils beai the same number ot 
flowe^bud8, they generally drop ofi, and the whole then looks like a 

t 00 ) 
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S^ and 6th pr «•{ loaves ^ ate loiihd on s&oli 
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depart f;oin +h^ nb <Vre some e 2 ^ 




Plltut 

No 

< 

^lame of the variety 

PoMtiou of the inflopofl- ^ 
fences 

328 

Fluid’ i-Sauebi ^ . 

3rd and 6th pair of leaves 

319 

Ditto 

4th and 5th paim. 

312 ^ 

Phakadi 

7th pau. 

VI 

Lhoi^n 

4th and hth pairb. 

— 

Neelam 

3rd, 4th, 5th and 0th pam 
suoceasivcly 


If there be another shoot developing at the axil of the 6th pair 
of leaves, then the inflorescence is borne at the first pair of leaves of 
the new shoot. 

Not more than two fruit bunches are found in the bearing shoot. 
In Campbell’s Early a shoot had three fruit-bunches (Plate IX, 
fig. 3). In Neelam a shoot had four fruit bunches. Plate IX, 
fig. 1, shows an extreme type where two inflorescences have been 
found appearing side by side. 

Their appearance. The inflorescences do not appear on every 
shoot developed on the spurs. Quite a large number of the shoots 
go without any inflorescence. TlLe presence or absence of the 
inflorescence on these shoots may be due to a number of causes, 
chief amongst which are tiie varietal oharaotersi the method 
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training or other treatment given and probably the seasonal condi- 
tions of the year. The following tabular statement gives some 
details : — 

Table TT. 


Variety 

M(*th(»d of 
tmiiiinj' 

r 

Number of 
vogetativo 
shoots 

Number of 
sltoois 
with 

I inflorescence 

Number of 
shoots 
with 

2 infIfTesoonceR 

Bhokri 

j:u 

Single stake 

11 

14 

5 

l)o. 

170 

Do. 

IS 

10 

0 

PhakatU 

m) 

Do. 

27 

10 

0 

Do. 

20S 

Do. 

:i7 

14 

U 

Kandhari 

r»7o 

Do. 

20 

3 

0 

Do. 

5(i8 

Du. 

1 07 

5 

0 

Black Pnoee 17 

Bowers 

20 

30 

10 

Do. 

IS 

Do. 

:n 

31 

17 

Ttnlian 

84 

SiiiL'le-.sf jtke 

M*. 

0 

1 " 

Da 

s:} 

Do. 

1 

1 

i 

1 


From the above it AVill })e clear that Black Prince lias few 
non-bearing shoots and that Italian has jiractically no bearing 
shoots. 


'J’able III. 

Variety, Pandhari Soliebi. 


Nattire of the 
operation 

— 

Number of 
branches 
operated 

Number of 
veget4ttive 
growths 

Number of 
shoots 
willi one 
inflores- 
cence 

Number of 

.shoots 
with two 
inflores- 
eences 

Percentage 
of shoots to 
branelies 
ojierated 

Percentage 
of bf'aring 
inflorcseenced 
shoots to 
shoots fonm-d 

Coiled 

22 

33 

31 

10 

340-4 

53-9 

Ringed 

17 

G 

10 

0 

04-1 

02*5 

Extended 

31 

40 

1 

07 

1 

19 

1 

425-8 

05-1 


From the above it will be seen that branches when extended 
bear quite a large number of bearing shoots. 
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Colour of the inflorescence. The peduncle and the sub- 
peduncle in sonic varieties are coloured. In Bholcri and a variety 
known by the name of Batawardhanii, they are coloured with a 
reddish tinge. This seems to be correlated with the colour of the 
young growing shoot and veins and petioles of leaves. This colour 
is almost absent iu Phakadi and Sahebi. 

The flower. During the month of November, when one visits 
<he grape plantation of the Ganeshkhind Botanical Garden, one sees 
quite a large number of plants coming into bloom. This period of 
coming into flov'ers is also observed in the month of May after the 
April pruning. In countries where the grape comes into flush only 
once a year, it produces flowers only once, viz., iu the month of May 
or June. The period of flowering, however, can to a certain extent 
bo regulated by ear^’’^ or late pruning. Jri Ahmednagar, where 
jiruning comnieuces <'a,rly, viz., ill ISeptember, the grape comes into 
(lower in October. In the ((imeslikhind Botanical Garden, two grape 
phuits wore, pruned— one on 27th December, 1018, and the other on 
iUh Jamniry, 1019, respectively. 'J’hese bore flowers on 23rd 
.Tanuary, and in (lie first Aveek of February 1919. Similarly, 
two Black- Prince jilants were pruned on 5th September, 1919. 
'riiese bojc flowers in the fiist week of October. 

The grajie flower is minute and regular. The calyx is a narrow 
rim at the base of the flower ; the corolla has five united greenish 
petals. The stamens are genei-ally five but variations in their 
number may often appear. Pour to six stamens have often been 
noticed. In foreign literature imperfect flowers, viz., with 
rudimentary stamens or ovaries, have been mentioned. In such 
cases the stamens are generally curved but such flowers have not 
so far been observed by the writer. This may be the result of 
good and bearing varieties being introduced in the Ganeshkhind 
Botanical Garden. 

The flower is so constructed that while opening self-pollination 
is the general rule. At this stage the petals come out in the form of a 
cap -with the stamens and pistil exposed. Flies (not yet identified) 
have also been noticed to visit the flowers more for the sake of honey 
than for pollination (as no pollen grains were so far noticed on their 
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body or legs). These flies are especially found in the Black Prince 
variety and are characterized by distinct smell. The flowers generally 
begin to open in the Ganeshkhind Botanical Garden from 9 a.m. or a 
little later if the atmosphere is cloudy, the largest number of flowers 
opening between 9 and 11 a.m. They commence to open after a 
period varying from 24 to 40 days after pruning. Unlike the 
mango, the grape does not take a long time to finish its flowering 
period. An inflorescence containing about 360 flowers finishes off 
its work of flower opening in the course of 4 or 6 days. The 
varieties Black Prince and Campbell’s Early have been noticed to 
finish off flowering earlier than the other varieties, Phakadi and 
Sahebi being found to close their flowering period late in the season. 



^clerted girtiflcs 


THE HROW’TH OF THE SUGAR(^ANE * 


C. A. BARBER, C.I.E., SaD., F.L.S. 


VI. 

True early stages of grc»\vth in a cane field have, as is natural, 
always received a great deal of^ attention from planters. Tlie 
writer well rinnembci’s the first time he planted a field of sugarcane 
and the occasional panic which seized him before the full set of young 
cane shoots appeared above the ground. He had, greatly daring, 
attempted to introduce the West Indian pracliee into one of the 
great deltas of I’oninsnlar India. 

Everyone is aware that the plants may become quite (all before 
any cane is formed, and t hat the leaves are at first veiy far ahead of 
the canes in their growth. While the leaves are rapidly succeeding’ 
om another and pushing up into the air, they are at the same time 
gradually becoming broader, the first leaves being very narrow, but 
the later ones soon reaching a respectable width, and this is to be 
accounted for by what is going on in the stem lielow. From the 
slender, pencil-like joint which starts from the bud on the set, a cane 
has to be built up, which will support the whole aerial part of the 
plant, and it is obviously necessary that the stem should emerge from 
the ground with its full thickness and grow up thereafter pillar-like 
in form. As each individual joint is more or loss of uniform tliick- 
ness throughout its length, a greater size of cane can only be obtained 
by each joint becoming thicker than its predecessor. A Vertical 
section through the stem at the base of a young plant will thus have 


• Reprinted from The International Sugar Journdlt June 1920. 
( 66 ) 
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the form of an inverted cone made up of a series of disc-like segments, 
the lower ('ues narrow, the upper ones broader. Every joint bears 
one leaf and, as a great number of llie latter are wanted at the 
earliest possible moment to provide food to build up the tissues of 
the plant, u large number of jointH uiv foiiiui in this basal cone. The 
leaves have a broad ijisertion on the joints, iji fact , at a later period, 
more than fully encircle it, ,so that as the joints gradually become 
thicker, the leaves belonging to them become bniader. This increase 
in width of successive leaves is rather slow at first, but f Jiere is nothing 
to hinder their growth iji length, and they may be 4 or 5 ft. long 
before the stem has reached its full thickness and emerged above 
the ground. Any attempts to mea-^ure the growth of the cane, 
depending on the height of the plants in the field, are therefore 
misleading, and the real difficulty of studying this growth lies in the 
fact that the young joints and their attached organs are, throughout 
their period of increase, deeply hidden away within a mass of protect- 
ing Older lea ves, which must be removed l)efore they can be observed. 
As such removal will .seriously interfere with normal growth, if it 
does not actually dry up the tender inner parts, the matter becomes 
a good deal complicated. The way in which the.se difficulties have 
been overcome and a connc'cled study of the growth, from the 
commencement, of the stem and leaves of the (;ane j)lant has been 
rendered pos.sible, forms the subject of the pre.sent paper. 

The mature cane plant above gro\u\d (ionsists of a series of joints, 
one above another, each of which l)ears a leaf with a bud in its axil. 
The leaf consists of two parts; a broad, green, flat lamina or blade, 
and a thicker, stiff, lower portion Avhich fixes it to the stem, the leaf 
sheath. These two parts of the leaf are separated by a kind of 
hinge, the leaf joint, which makes it possible for the blade and 
sheath to be placred at an angle with one another, so that they do 
not lie in the same line whether straight or curved. At the point of 
junction of blade and sheath, there is a more or less distinct coloured 
band \yhich we may call the “ transverse mark,” and this in younger 
leaves serves as a useful guide as to where the blade ends and 
the sheath begins. These parts are shoArn in the accompanying 
drawing. ^ 
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We have to stud} the growth ti length of these three parts, the 
join!, sheath and hh le and we shall find that they differ a good 
deal ill finie and . > ree Tlu fiitie-hommred rough and ready 
mcfhod of nieasuriiu'; tli ■ growth of the cane was to fix a stake 
firndy in the go i..tl and tic A -o^i on it tlie posiion of the uppermost 
clean joint wh’ch ugh^^ be (tailed mature. Jf marks are made on the 
stake at iuterv'ai,. «/f, a mouth ora fortnight., the distance bet^7ecn 



two successive ones will give the growth of the cane during that 
period. But this method is liable to the olijection that it is difficult 
to decide just what joint is mature, for the different varieties vary a 
good deal in the ease with Avhich they throw their old leaves, and if 
these are gently removed, the personal factor of the observeu plays a 
rather too prominent part in the measurements to inspire confidence. 

In the absence of direct observation of the growing parts, the 
first problem is to detern\ine whether there is any definite external 
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point on the plant, which bears a fixed relation to the hidden apex of 
the stem. Fortunately for our study, there is such a point, and by 
its use a good deal of information has been obtained. In 1904 
Kamerling^, in .lava, pointed out that the highest., just visible trans- 
verse mark could be used as a fairly safe guide to the position of the 
parts within. And, as his work lies at the foundation of all subse- 
quent studies on the growth in length of the parts of the cane, it will 
be necessary to consider it carefully, without going into unnecessary 
detail, for the paper is in Dutch and rather long and complicated. 
He was able to show that there is a definite sequence in the growth 
in length of the blade, sheath and joint. First of all the leaf shoots 
up, then the sheath elongates and, lastly, the joint belonging to them 
increases in length. Kamerling further discovered that these three 
periods are sharply separated l^om one another : the sheath does 
not begin to grow in length, until the blade has stopped : the joint 
again only commences to lengthen when the sheath has attained 
to its full size. This sequence of growth has a close connexion with 
he proper nourishment of the plant. The leaf is matured as early as 
possible, both to prevent evaporation and the wilting of its tender 
tissues and to give as large a surface as possible for feeding on the 
atmosphere. It shoots straight up into the air. When it has 
completed its growth, the sheath, acting as its base, with all its cells 
ready formed and merely needing extension, in a very short time 
pushes the leaf further into the air, thus separating it from its 
neighbours in the bunch, and, al8o,-bccause of the leaf joint throwing 
it outwards away from the mass in the centre, so that there may be 
freer circulation of air around the blade. The stem, when it in its 
turn elongates, completes this important operation, the weight of the 
leaf causing it to fall more and more from the vertical position, so 
as to give more room for the succeeding leaves. 

The way in which Kamerling was able to fix upon the highest 
transverse mark as indicating the position of the hidden stem apex 
was as follows : He found by measurement that the moment of its 


* KMnerling, J. De lertgtegroei yan riet, Archiet voor de Java-ruiktrindM^rii, 

IW4. p. »#7. 
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appearance to view practically coincided with the completion of the 
growth in length of the sheath. When the sheath had reached its 
full length and the transverse mark appeared, the joint to which it 
was attached was about one-tliird of an inch in length, and the joints 
above it right to the apex were still shorter as well as narrower. 
None of these joints had as yet ( ommenced to grow in length. Any 
upward movement of the newlv emerged transverse mark — and this 
took place now’ fairly rapidly was therefore to ke traced bo the 
elongation of the part of the cane below the point of attachment of 
the sheath. We have thus, in the upmo ’t visible transverse mark, a 
fixed point of the nature desired. By measuring the height of 
this mark above the ground, we can, at any ime, calculate the length 
of cane which has attaitu'd its full thickness, by deducting the 
lengfh of^tlic sheath, . d, by a series of measurements at different 
periods, we can form .i. fairly .u'cnrate estimate of the rate of growth 
in lengtli of the canc. 

But there is a proviso in the use of this Tnethod of Kamerling’s. 
It assumes that the length of successive matured sheaths is the same 
all up the stem. If, for instance, a short sheath w’ere succeeded by a 
long one, the growth of the cane diiring the interval would be greater 
than that inferred by ibe ('bservation of the marks. This point w’as 
appreciated by him and he measured the length of all the sheaths in 
a number of canes. Tlie result of this showed that, during the period 
of active growth, w’hen ihe cane had attained its full size, the sheaths 
rarely differed by more than a quarter of an inch in length, but 
that at the commencement of growth, and towards the end, the 
sheaths rapidly became shorter. The niethod, therefore, (iannot be 
relied on in the early and late stages of the cane’s growth . I’lie impor- 
tance of this proviso is illustrated by a piece of work done recently 
in India. Taluqdar,^ in 1915, studied the grow'th in length of a 
number of Indian varieties, at the Agricultural Station at Sabour 
in Bihar. He first of all drove strong iron stakes deep into the 
ground and raarbed them at the actual ground level, before this 

^ Taluqdar, J. M. Notes on the growth ol the sugaroane.” Bihar and OrU*a 
dgrieuUural Journal, April 1016 
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was obscured by subsequent tillage operations and earthing-up. 
From these marks, as fixed points, measurements were taken at 
intervals to the uppermost transverse marks in order to judge of the 
rapidity of the growth of the canes in different months. But it has 
been shown by the writer of this article^ that, although there is 
little variation in the sheath length in thick tropical canes during the 
period of full growth, this is t)y no means the case with indigenous 
Indian ones. Differences of over an inch between adjoining sheaths 
are not uncommon. Further, Taluqdar aj)pears to have taken no note 
of Kamerling’s warning as to the danger of applying the method at 
the commencement, and end of the growing period, but began his 
measurement at the earliest possible moment.. Fortunately for his 
deductions, the measurements were only taken at comparatively 
long intervals, so that much of, the irregularity of length of leaf 
sheath was ruled out and the resiilts are of considerable value. 1'hc 
similarity of growth conditions in North India to those in Louisiana 
was clearly brought out. In both cases tlu* growing period is 
extremely short, bandy exceeding six months, and the growth during 
that period is very lapid, probably a good deal more so than in most 
tropical countries where the period ranges somewhere round twelve 
months and in some cases considerably beyond it . It is obvious that, 
without this ra})id growth in these extra-tropical regions, hardly 
any crop worth reaping could be growii. In both cases intense heat 
witli great moisture presents ideal conditions for forcing the plants 
to their greatest activity of growth in length, and in both cases the 
period is terminated by a decrease in temperature and sometimes of 
moisture, in which no fiuther growth is possible. 

Kamerling tom died on many other matters connect/ed with the 
growth of the joints and leaves, but there is no space to deal with 
tliese here, especially as they have been much more accurately 
studied recently by Kuijper. also in Java. It may be noted, in 
passing, that the main pieces of work connected with the subject., wdth 
which the writer is acquainted, come from Java at CDinparatively long 

‘ Barbor, A. “ Studies in Indian Sii;;arcancM, Nn. 5 / Menwirn of the Dtptrtvivnl oj 
Agriculture in Indiu, Botuniml 1919, p. J59 and Plate I. 
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intervals. Kobus in 1887 lo 1893 studied tlie growth in lengtJi of the 
leaf, and showed that the blade attained its full growth much sooner 
than the sheath. Kamerling’s work wa.s published iti 1904, wlien he 
laid the foundation of our knowledge of the relative growtli of joint, 
sheath and blade, ft was not until 1915 that the next important 
paper, written by Kuijper,^ appeared. As might be expected, this 
paper is written on a different plane to that of the earlier observers, 
in that it replaces the older methods by a much more up-to-date one. 
After ’.vorking over Kamerling’s results, the writer extends his 
observations to a thorough investigation of the whoh; subject. 
Kuijper was interested in a disease of the cane shoot, wliich seemed to 
dcj)end on the relative growth of the various immature organs while 
still hidden away in the recesses of the buncli of leaves, and he found 
that he recjuired much moie accurate details than could lie obtained 
by the use f)f Kamerling’s methdd. In 2 >lace of measurements t»f 
growth of comj)aiatively fully formed or gans obtained by inference, 
he needed actual measurements of the very youngest organs near 
the vegetative apex. Kamerling had. it is true, also attempted this, 
and boldly cut away the older tisisues and protected the young parts 
exposed by tin foil, but serious injuries resulted which disturbed 
the normal growth, and the method was alrandoned. Kuijper 
applied the ingeni(*us jdaii of ])iercing the whole apex by strong 
needles which would leave a series of minute hoh's, and by unravel- 
ling the comjilex of leaves and joints after an interval, he was able to 
judge by the displacement of the holes the actual growth in length 
of the different organs during the time. By making a series of 
holes one centimetre a])art. he was able to build ii]) a .scheme of the 
internal growtli of the sugarcane which ajiproached very near com- 
pleteness. A second longer paper giving furtlier details ajipeared in 
1918,® and it will be sufficient for our purposes if the main results of 
Kuijper’s studies are summarized here. 


^ Kiiij|>rr, J. “ l)r^rn(‘i van MatK-cliijf. b!a«lsi lu*(Mlt- t*n stoiiLn*! van livt j .'^uikorriot. ” 
Midedeelingcv ifU7i hpt Proef^Utfion roar dc Jov'i-ftuikcrhidu^lrffy 1915, j). 211. 

• KuijjMT, J. “ Voorljrrrt'lto inotinpon nnitmit lonjrtojjrtuM \an hot Miikorriot.’' Ibfd^ 
p. 163. 
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As a convenient convention, he signifies by the figure 1 the parts 
connected with the uppermost visible transverse mark, namely, its 
leaf, sheath and joint ; older sheaths, namely, those further down 
the stem, he denotes by 2, 3, 4, etc,, while the younger sheaths, which 
have not yet appeared, he numbers 0, — 1 , — 2, etc., upwards. In his 
first paper, he generally confirms Kamerling’s results. The leaf 
blade is the first organ to be developed and it completes its growth 
before the sheath commences to elongate, this being in like manner 
followed by the joint to which it is attached. The blade is already 
conxpletely developed in — 2, and the sheath commences to elongate 
there : the sheath is complete in 1 and the elongation of the stem 
takes place concurrently in 1 to 4. The growth of all these parts is 
at first basi-petal. afterwards intercalary. That is, the top of the 
organ is the first to be finished and the region of elongation passes 
downwards along it : the lowest j)art next completes its growth and 
some more increase then takes place in the portion intermediate 
between the two. This applies equally to blade, sheath and joint. 

In the secoiul paper he finds that the period between the first, 
appearance t o an outside observer of two successive transverse marks 
varies, in tlie kinds of cane examined, from five to seven days. 
"Growth in length of the cane, wliich is confined to joints 1 to 4, 
takes about 15 days to complete in this section. The growth in 
length duihig the night is considerably greater than during the day, 
especially in the joints immediately below tlie arrow. A grand 
period of growth is observable, as i,n other plants, in the sugarcane 
as a whole. Although rain causes some disturbance to this curve of 
growth, it has not the power of materially altering it. Rainfall, 
however, strongly influences the daily growth, either by altering the 
relative daily and nightly increases, or, somewhat later, by increas- 
ing the general rapidity. I'iie influence of air moisture on growth 
w^as hardly perceptible in any case examijied. 

The Java work on the growth of the cane was obviously conduct- 
ed under strictly local conditions, and it is desirable, now that the way 
has beeh clearly indicated, that plant physiologists in other coun- 
trie§ should take it up. This is perhaps* especially the case with 
India, where there are an entirely different set of canes grown, and 
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in the Louisiana plantations, where the climatic conditions are so 
very diverse from those in Java. By following Kuijper’s method, 
exact data may be accumulated on the experiment station.s ; but by 
Kamerling’s, it is open to any planter to conduct experiments on the 
different varieties grown, and on the effect of varying treatment of 
the fields on the growth of the canes. It is a truism that in every 
crop ihe work done in any one region must he tested in otlier places, 
if the conditions of soil and climate are different, and in no cron are 
the local cinnmstanccs of more importance to growth and yield than 
in the sugarcane. 
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,L MA(!KINTOSH O.R.E. N.D.A., N.J).D.. 
liesearcJi Institute, hi Dairijinii. University College, Remliug. 

During recent yeara attention has been repeatedly directed 
to t})e importance of increasing the yield of milk from the dairy 
herds of this conntr}'. 'J^hc f'ommittee on the Production and 
Distribution of Milk, in their tiiyil report,^ draw attention to the 
stops which can bo taken to reduce the cost of production and 
increase the ju'ofit to the farmer, and the Agricultural (Sub-Com- 
mittee, in dealing with the std)ject of the iju])rovement of home 
breeds, 2 laid special stress on the ])ossibility of obtaining better 
\delda by improved breeding methods. 

In order that a farmer may discover and dispose of his poorest 
and unprofitable milkers, it is essential that the jmictice of milk 
recording should be adopted, while a careful study of methods of 
feeding may result in a better yield I'roni the saiue expenditure on 
food, but to maijitain a herd at a high average yiehl it is necessiiry to 
ensure that the heifers reared to replenish the herd shall milk as well 
as, or better than, their dams, 'i'o attain this result, the utmost 
care must be given to the selection of the sire and to the choice of 
cows w’hich are likely to jnodnee heifers of the desired type and 
qualities. 

The owner who wishes to improve his herd by breeding must 
first decide upon the type of aninuil he wishes to breed. Where the 
herd consists of cows of purely dairy type, such as.lerseys, Guernseys, 

Hcpriiilod from Tht Jovr. of the Mht, of Agri., Vol. VU, 7. 

^ " Fiiml JU'iMu l of the Committee on the IVodiiction and Dislrihulion of Milk/’ (Cmd. 428), 
p,13, par. 51 (2) ; p.l4, i)ar. 69. 

* Ihidf p. 29, iMtr. 3. 
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or Ayrshires, tlic dcMiision sliould noi 1)0 diffctdi, })ul attention will 
need to be given to difference's in type and size. Thus, in Jersex's 
the rent-paying farmer may well consider whether he should adhere 
to the IslaJid type or try to develop a larger, hajilier type ; it may be 
less refined, but possess! tig etjual or greater jtowers of milk 
production. 

With cows of the dual-})urpose type, (he need for a clearly 
defined aim is even more necessary. .\s (he objects for which 
the du‘ i-})urpo.se cow is kept are to give a good yield ot milk annaally 
(sav, 7.000 to 10.000 lb.), to lay on flesh rt'adily on (he best jtarts of 
(he car'-ass when fattening, and to produce heifer calves which will 
be satisfactory dairy cous and bull calves which can be reared into 
vood steers, it is easy for (he bret'der (o think so much of one of 
these objects as (o neglect others. 

There is considerable tliverjifuice of opinion as to whether the 
dual-])ui))ose ideal is really attainable, oc., whether it is jmssible to 
conibiiK' in a family of animals (he desired excellence in all direc- 
tions. It is ri'adily granted that individtial cows possess the two 
qualities of large milk yield and fattening capacity to a high degree, 
but it is by no means proved that they possess (he j'oxvtr of producing 
both heifeis as good as them.selves. and steers with the coid'ormation 
and fattening capacity required in high-class beef animals. The 
practice of sotne breeders in selecting one* bull from a family more 
noted for beef than for tnilk in order to incri'ase the substance of the 
herd, and. later, selecting a bull from a dam with a high milk record 
in order to raise the falling milk yield, sup])ojts to some extent the 
point of view that it is almost impossible to breed dual junpose cows 
from similar stock with any certainty. 

Tt is sullicicnt here to point out that efforts to attain a drtal- 
purpose ideal may lessen the chances of success in breeding for 
milk production, and it is suggested that the farmer, whose mairr 
source of income is milk or other dairy ])roducts. should concentrate 
his attention on^impr'oving the constitirtion. the breeding powers 
and the milk yield of his herd. « 

The breeder should fust make himstdf familiar with the princi- 
ples of breeding, and consider their application to his own particular 
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conditions. More rapid progress is likely to be made when a group of 
farmers in one district are working for imijrovement in the same 
direction and with simihu- material. Friendly (;o-operation and 
competition are invnhiahJe, and in tin's direction milk recording 
societies may do much in bringing owners of the same breeds or 
with the same aims in touch with one anothei*. 

Principles .vnd systems oe rreedinc!. 

The first principle to be noted is embodied in the familial' phrase 
“ like begets like,” and the second is tliaf the progeny always 
show a greater or lesser degree of variatu)n from their parents. A 
tendency has become evident in recent years to modify the first 
phrase to “like lends to beget like” and to amplify it to “like 
begets like or the likeness of an ance.stor.” Observation suggests 
that the latter is probably more correct. It has been the custom of 
some writers on breeding to speak of tlie inheritance by the immediate 
progeny of characteristics posses, sed by their parents and the varia- 
tion of progeny from the characteristics of their parents as anta- 
gonistic “ forces,” but a closer study of the ])roblem has made it 
clear that., except in very rare cases, variations from the tyjie, colour, 
et(L, of the parents, may be just as truly inherited from some ancestor 
as are the exact repetitions of features possessed by the parents. 
Further, variations may lie cither away from or toward the ideal 
aimed at. The former are undesirable and disappointing, while 
the latter constitute an opportunity foi' progress in the desired 
direction. The main problem for breeders is how to transmit the 
maximum inheritance of the desirable qualities possessed by the 
parents. The uncertainfij as to the results which will follow from the 
mating of any two animals, is one of the greatest hindrances to 
successful breeding. 

The application to stock l>reeding of the discoveries of Mendel 
and his followers has t hrown considerable light on the itiheritance of 
such easily identified characteristics as colour of coat, colour of face, 
and presence or absence of horns, but little progress has as yet been 
made with other and more important characteristics, such as high 
and low milk yield, high and low butter fat content, capacity for 
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fattening and tendenc}’’ to leanness. Progress has been hindered by 
the absence of clean-cut dividing lines and the difficuUies of identi- 
fication, the slow rate of reproduction in caltle, tiit; differentiation of 
sex a)id the impossibility of din tly a.ssessing the daily (pialitics of 
bulls. Pliese difticiiiiie.s, i oweve?-, should be oicrcome in time, 
and there are doiiluless many piesent flay breedfirs, who would be 
ready to ofi-operan in the collect ifui of data on single or related 
points if some lead w( n given them in thi.s direction. Mendelism 
may one day enable the dairy farmer to breed heavy-milking slock 
with the sHue ceifaiuty as the breeder of Aberdeen Angus cattle 
breeds black and hornless animals. 

(Sv. STIC MS OF BKKKDIXO. 

The systems of bn f'dmg a<h»pted are usually de.scriberl by one or 
other of the term!- crossing, gra<l{ng. in-breeding, or line- breeding. 

(Vossing usually describes the mating of animals of distinct 
breeds. e.fj., Shorthorn with Jersey. The Jirst cross between some 
breeds is often a jiopuhir and useful commercial animal, combining to 
some extent the desirable characteristics of the parents. ' At the 
same time, the introduction of the characteristic of another breed 
must increase the imcertaiuty as to the qualities whifh will appear 
in individual offspring, particularly in the second generation. 
Crossing, therefore, by increasing the tendency to and possibility 
01 variation, cannot l>e a successful means of imjuoving a herd. 
Crossing is sometimes applied to the. mating of animals of different 
types or families within a breed, and the result in this case is similar ; 
the first cross often sliows a combination of the qualities of the 
parents, but in later progeny, the greater toudoncy to variation 
increases the uncertainty as to the inherent qualities of the progeny. 

The term “ grading ” is in common use in America, and de- 
scribes tlie continued mating of cows of a nondescript type with 
pure-bred bulls of some breed having tlic desired qualities. This 
method has been largely used in the past in building up several of the 
pure breeds of the present day. The scheme of the Dairy Shorthorn 
Association for the registration of the progeny of pedigree bulls out 
pf cows of approved type, embodies the principle of grading. This 
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system offers tlie surest meaiis of improvement wliere the o^yner of a 
herd of cows of mixed ancestry cannot see Ins way to dispose of his 
herd and replace it i)y cows of a pure breed. 

Tn-breedinji; is the mating of clos«!ly-relate(J animaJs, cv/., sire 
and daugiiter. dam and son, and is tfie o})posite of crossing. "Wlien 
this systent is followed, there is great proba])i]ity of the appearaticc 
in the progeiiy of tlie cliaracteristics of the parents, and small 
likelihood of variation l'ro)n the desired ty])e. Tt is the surest and 
.speediest of all breeding methods for fixing the characteristics which 
arc desired, and it has been a predominating influence in the building- 
up of most of our presejit-day breeds. 

Tn cojitrast to its power for good, in-bre('ding, carried . .1 
unmsely, may cause disastrous results. Loss of size, t, istitu- 
tional vigour and breeding powers have in Sfuue notable cas(*s 
folhiwcd from peivsistent in-br<;eding, and at the presemt day the 
jmudice of this system is uncomn (»n. 

Line-breeding dcvscribes the >>■ 'ting of animals that are more or 
less distantly related to each otlier. It might be calt'*d a modified 
form of in-breeding, because it embodies the same juinciple that of 
concentrating and ii.xing family type and qual ties. At the same 
time, the degree of relationship is not close * .ough to cause any 
serious risk of the dev('loj)m('nt of the bad effects of in-t (ceding, 
'Phis system is extensively followed in most of the pure breeds, and 
has given most sati.sfactory results. Close line-breeding would b( 
exemplified bv tin* use of two sires from the same family, each 
being mated ^Yith the daughters f)f the other ; this method is only 
practicable wLere a fairly large lierd is kept and the bulls may be 
retained w'ith safety. 'I'he mating of successive bulls fro»n tjie 
saute family tvith the progeny of each pretMuling sire would illustrate 
more distant line-breeding, and tlie adoption of this nlethod is 
w’ithin the power of the average dairy farmer. 

pEDKiRKR AND ITS USES. 

Pedigree provides information on the ancestry of individual 
animals, and arc of incalculable value to all bteeders. It is only by'a 
study of pedigrees that a breeder can obtain the information 
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necessary tx> enable him txj follow a system of line- breeding. The des- 
cription of a pedigree usually given, however, is incomplete and mis- 
leading. It is customary to 1 race the descent only through the fenade 
side, and often an animal is described by a family name, when it 
traces its aiK-estry on Ihe bmale side, to some famous cow, although 
this cow may be only one ol fom great-grand- danis. 'I’lu' dam and 
giand-dams of the sire are just as impurtanl as ihe dam and grand- 
dams ol the dam. 

It is also most desirable that the slatcnKml of ])cdigree should 
l)e suDydcmcnted iw reliable information as to the dairy (pialities 
of tilt' (i.ims and the dairy jjrepotency of the sires. In this respect, 
milk records meet a great need, and the breeder would be helped 
materially if a uniform t-ie^hod of stating milk yields were adojited. 

ItKFIMTlO.N .Wl) RIAIEM’ t)K D.MKV Qr.\LITlKS. 

Some definition of the dc bet* dairy qualities is first neees.sary. 
Five may hert' tie mentioned : (a) large milk yield ; (b) persistency 

of milk yield ; (cj high milk fat ptu-centage ; (d) regular breetiing 
jiowers ; and (e) good c(, .sutution. 

Of these q.ialities. ('■). (d) and (c) are possessed, often to a high 
degree, by cows of beef bree<ls. riiey arc not confined to the dairy 
breeds, but are included lune in addition to the specific dairy qualitie^s 
of a large and a persistent milk yield, liecause they are essential in 
first-class dairy cows of any breed. 

It is next desirable to ascertain the extent to which these differ- 
ent qualities a 7 'e related. Some information o)i tlu' first four jjoints 
has been collected through the agency of milk recording societies, 
and the development of this practice should enable valuable data to 
be obtained. Milk recording, as carried out hi England and Wales, 
collects information on the ipiantity and persistence of milk yields 
(a) and (b), and, where the cows remain in recorded herds, on 
breeding powers (d). Only in rare instances is information collected 
on fat percentage? (c), and this defect lessens the value of the work 
of the societies as an aid to the study of the inheritoncA of dairy 
qualities and to breeding in general. With regard to constitution 
(e), it may be inferred that no cow will give high milk yields and 
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breed anntially for, say, five or more years unless she possesses a 
very sound constitution, ])ut the maintenance of constitutional 
vigour is closely associated with condilions of rearing, housing, 
feeding and the risk t)f incurring infectious or contagious disease. 
The question of feeding is im])ortant, sitice a heavy milker may 
break down after a few years, if she has been poorly fed. 

With regard to the correlation between the ot.her qualities, the 
opinion is commonly held that, a large milk yield is usually associated 
with a loAv percoitagc of fat, and vice lersd, and that heavy milkers 
are less regular breeders than those giving lower yields. The actual 
correlation between these and other points can only bo arrived at 
after careful study of a large amount of information, but, the breeder 
is not St) much interested in the degree of relationship found in a 
large number of animals between, say, large milk yield and high fat 
content, as in the discovery of individual animals which possess Inttk 
these qualities. If it be a general rule that high yields are associated 
with low fat content, it is the. excejriioius to the ruJe that form the 
breeder’s opportunity for the improvement of his herd. Such 
exceptions are fairly numerous. 

In this connection it is important, to record the conclusion of 
Professor Wilson,^ after the study of several thousands of records of 
Ayrshire cows, that the inheritance of quantity and quality —high 
yielding capacity and fat percentage — are independent of .ach 
other. It, should, therefore, be possible to unite in the progeny of 
selected parents, the two qualities of large yield and high percentage 
of fat, 

InHERITANCK of DAIRY QUALITIES. 

This conclusion leads directly to a consideration of the inheri- 
tance of dairy qualities. Can it be said that cows which are found 
to possess one or more of the qualities referred to .pass these on 
unfailingly to their progeny ? Every breeder knows his own disap- 
pointments in this matter. Cows with high records, even when 
mated with most carefully selected bulls, fail to transmit their 
qualitie,s to their offspring, while others with moderate records have 


' Scientific Proceedings oj the Royal Dublin Society^ Vbl, XIT (N.S.), No. 35, July 1910. 
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progeny which excel their dams. As illustrations of the uncer- 
tainty which is often met with, the following details, taken from the 
records of the herd of non-pedigiec Dairy Shorthorns at the Univer- 
sity College Farm, Reading, may he interesting: — 


I 

iJani I f Hosanimid (No. 47) b\. Hock Hohc! (No. i) by *‘C” 

•A.”.'>L.l*. -Il.3!>7lb :t L. I*.— h.<».-.8t lb. 

50-0 wk'<. 91) wks. wks. JT) wks. 

K()sitb..ll( (No. 49) by. 

“Jk” 4 L. P.— 7, 098 III 
11 2 vvk . 9*8 wks. 

Hdscinarv (No. ooi by, 

“ 2 ‘L. l\— lb.; 

J2 wks. 0 wks. 


Kos<* (No. lli) 

7 I.. \\ -OPJ.")* lb 
4.’)* 7 wkti 11 wks. 


Fillpail (No. 28) I 
I L. P.-- lb. 
.47 wks. S wks. 


Fillpnil (No. 4bj bv 
“A. ■’ I \,. P.— l,0S(i lb. 
1 *> w^ks. 


Pillp.-iil (No. .">7) by “C” 
4L,. P. 7,7921b. 

4i) l) \v\i^. 12*7 wks 


Jk‘ll (No. 7) 

2 L. P. -8.22r>lb.; 
4.4 wks. 1.4 wk.^. I 


Bilmda 1, (\o. .*>0) by “C" 

I L. P. 4,101 lb. 

29 wks. 

BHiiiila Tk (Nn. 01) by “(3” 
I 1.. P.— .4,108 lb. 

.42 wks. 

Bella (No. 07) bv “ D ” 

1 B. P.-> 2,or,3 \K 
20 wks. 


Ik l) /\o. 4J)bv “ \. '' 

0 T,. 9.S91 lb 

Jo*S wks. 1.5*3 f 


“A” — a pedijrroo Dnirv Slioilhoro 'mil and siie of heavy milking ato^k («ec p. 83). 

“H”- 

“ f ' ” ,, „ .. the sire of stock gi\ uig good yields {^^ee p. 84). 

„ ,, „ „ tih sne f>f stock giving fair yields. 

4'he llgnieH under each cow show tin* number of lactation jienods, the average milk jdeld, 
t he av erage mrnlxT'of weeks ih pnlk and the a \ eragt* mimher »)f w ei-k'- dr\ . 


The progeny of the cow Rose (16), tliougli by three different 
sires, have been very good dairy animals ; one of them, Rosamond 
(47) by bull A ” especially so. The daughter of Fillpail (28) by 
the same bull was a complete failuie as a milker (see Fillpail (46)), 
but the daughter of !Fill 2 )ail (46) by bull ‘‘ C ” is an excellent 
cow. 

Bell (7) was a good cow, and her daughter by bull A ” was 
even better. Tlie latter’s daughters, however, have been disap- 
pointments, though two of them were by bull “ C, ” the sire of the 
good cow Fillpail *(57). ^ 

* 2\piartors only for 5 lactation periods. 

*1’ 3 fp ,t »» 3 ff tf 
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The system of breeding followed in the herd from which the 
above details were obtained, partakes more of grading than of any 
of the other systems described, and is fairly representative of the 
methods followed by the progressive dairy farmer. The degree 
of uncertainty as to inheritance of these qualities is prol)ably less in 
some pedigree herds where a line-bi'eeding system 1ms been followed, 
and also less in the single ])urposc dairy breeds, than in those which 
claim dual-purpose qiialities. 

The experience of breeders, nevertheless, has made it clear 
that cows which are good dairy animals do not necessarily have the 
power of passing on their own good qualities, either to their female 
or male progeny. This leads to a most important conclusion — ^that 
the ahUity oj a com to fra usm it its ])roductive qu.'dities is distinct from 
the jMissession of these qiialiti(‘s. We may therefore add another 
to the list of dairy qualities already given - (f) al)ility to pass on 
productive capacity to the progeny. From tlie breeder’s point of 
view, this is the most important of all (pialilic's, and if, in addition 
to the possession, to a more or less marked degree, of those qualities 
previously mentioned, the animals possessing it can he identified, 
some real progress has been made towards “ certainty ” in 
breeding. 

BrKEDIN(^ value shown ISV PROGKNV RECOUDS. 

Up to the present the only method whereby the possession of 
BU(?h prepotency can be discovered is by a study of the actual records 
of the 'progeny. With dairy stock, this requires a much longer 
time than with beef stock. It is possible in two breeding years to 
ascertain with a coTisiderable degree of certainty the quality of the 
progeny of a beef cow, and still more so of a beef bull. Wit h dairy 
stock, how'ever, until external appearances can be luore accurately 
interpreted, three or four, breeding years must pass before the nailk 
records of the progeny show the actual powers of transmission 
possessed by their parents. In the case of cows, this delay is not 
serious, ^ut with bulls it means that, as a rule, the sire is slaughtered 
some time before his real powers as a getter* of dairy stock can be 
known. 
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In herds of pedigree stock, bulls are freqnentlv retained until 
well on in years, but in the past in this country it has not been the 
practice to determine the breeding value of such bulls by a study of 
the records of the progeny. It is quite probable that some such 
bulls have been retained because of their dam’s or their own show- 
yard record, or for other leasons which have no appreciable bearing 
on the transmission of dairy qualities. 

There is some indication that this new point of view in the 
judging of dairy bulls is gaining ground, particularly among Friesian 
breeders, but it is so important that it deserves widespread publicity. 
This should lead to a fuller realization of the very true saying among 
farmers, that the l)ull is half the herd.” 

For the purpose of obtaining a progeny record of a bull, it is 
necessary to have tlie milk records of the dams as welt as those of the 
daughters, and the breeding value of the bull can be judged by the 
difference between the average lecord of the former and of the 
lattei-. To illustrate this important point, the progeny records of 
two bxxlls used in the herd at the TTniversity College Farm are shown 
below ; — 


Proijenij liecord.s oj Bull ‘‘A.” 



Jiams 

Daughters 

Number uf animals , . . . 

s 

S 

\umlier of lactation ]»eiiods 

2(1 

20 

Avt'rage yield pi*r Inetation period . . 

S.olS lb. 

S,479 lb. 

Lonii per Ifirtaiion period 


:io lb. 

Average lactation ])eriod 

4(1-4 wks. 

44-^ wks. 

Average dry period 

lO’d wks. 

1 1 wks. 

Average period l>etween calvings 

Tili-'l w'ks. 

r».7-() wks. 

Gain })€iwee,n calvings 


0-8 wks. 


A'o/e y. Tho (lainH wrre a HrU*fUtl {imuji of cows jnncliascd from difTcrent places, and 
llicy show a remarkably higli average yield. 

J^ole JL The 201 actationpcrit»dsof the daiinhterHcomjM'ise more lirsl and second periods 
than the 20 of the dams and a larger proiK)rlion of those peritsls eommeneed 
during Tho summer months, thus handica))ping the daughters. When these 
two conditions arc taken into account., it can confidently be saitl that the 
daughters were Buperior to the daina, showing that bidl “ A ” posseBaed excep- 
tional breeding value for milk production 
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Progeny Becord^ oj Bull “ C. ” 


Number of animals 
Number of lactation periods 
Averape yield per lactation period . . 
1j 088 per lactation period . . 


J)unifi Daiiphters 
0 12 

20 25 

8,001 lb. f;.4(}S lb. 

.. ],5:i;{ lb. 


Averape lactation period 
Average drj' period 
Average pericKl between calvings 
Odin heftveen calving^’i 


wk^. ukfl. 

lO l ukv. ];{ (i ^^k.'^. 

5o*4 wk.s. 54 0 wk.s. 

. . 1 ‘5 wks. 


Note I. TIjc dams iiielude cows ])iir<]ias<:<l for tbeir a]>])ni(nt milking <|iialitie.s, and 
several of the dniipliter*^ of bull “A.” ^’he a\ emge yif4d is notably good. 

Sotf 11, The 25 lactation p(‘iiod> of the dai’ghtei.'^ inch d(‘ 5 more (list and seennd ]n‘riods 
than t he 2(t of tin* dam^', ai.d to a (‘(‘itain c\l» nt this handii a]is the daiightci-s. 
^J’he Henson of calving iiave no ud\ ant eg(‘ to ( itlici ^-k.ii]). I’he yields show 
that bull ‘‘ (j ’’ lacked tlu* breeding Milne for milk imrliulion of bull "A," 
but was neverthi'less a ii.stlul dair^' LnlL 

niie above results show tliai bull “ A ” was capable of siring 
female progeny which gave an average jiulk A'ield ('f 8,479 lb. in 
an average lactation period of 44'3 weeks, and which were at k'ast 
equal to their dams in productive powers. The heifers and cows 
got by bull “ C ” averaged 6,468 lb. in 38'3 weeks, and failed to 
equal the record of their danus by 1,.533 lb. These figures show’ 
conclusively that “A” Avas much the better bull for breeding pur- 
poses ; he Avas, in fact, a. bull AA’orthy of a place iii the be.st jicdigree 
Dairy Bhorthom herd in the countiy. Uuforlunat(‘ly, foJloAving 
the usual custom, he AV’as sold for slaughter before any of his progeny 
came into noilk. 


Progeny tests op bulls. 

It is obvious that i7iformation from progeny records cannot be 
obtained in a short time, and that the extended use of bulls AA^hich 
have proved their value, involves a change in practice in regard to 
the age to Avhich bulls are kept. Under ordinary conditions, bulls 
are used for two to three years, and fattened for slaughter when 
three to four years old. So long as this practice is continued, the 
use of tcested sires is impossible. With the larger breeds of dairy 
cattle, a bull Avill be four to four and half yeare old before the oldest 
of his heifers calve down, and about five years old before they 
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complete a lactaiion period. It may be possible to form a reliable 
opinion as to the lack of dairy qualities of these heifers by their poor 
udder development before, and low milk yield just after calving, 
but, if the heifers promise well, it is not possible to distinguish 
between tlie good and ^i'e v''ry good until well on in the lactation 
period. 'Jhe jnogen;. test ^herc''ore. can only giv^e information 
in terms ot milk yi. Id tV’’ bolls of live years and over, ajid to be of 
maximum value the bub', .nust be healthy aJid active for some time 
theixiafter 

Tn herds of pedigree stock, it is not uneonmion to find bulls kept 
for as Jii.'tny years as ihey retain tlieir usefulness, but the dairy 
fainier with non-pedigree cow.s s<‘es many difficulties in keeping a 
bull until lie is fi\'e years old. Jt the farmer is to avoid iji-breeding, 
a secomi luill must be liougld lo.^erve tlic progeny of the first one, 
and few herds are large enough to Ataii.mt the keeping of tAvo bulls, 
Avhile. old l)ulls oc(asionally develop bad tempers and become 
chingerous to handle, but this difficulty may largely be overcome by 
more careliil housing, handling and regular exercise. Further, the 
]»ossibility that, sliould the progeny test show the bull to be very 
deficient in j)ower to transmit dairy qualities, the cost of tAvo addi- 
tional years' Keep will be incmrcd Avithout any return, makes farmers 
less AA’illing to undertake the trial. 

I'he most economical solution of this difficulty appears to lie 
in ,he co-operation of two or more neighbomiug farmers. Two 
promising bulls might be purchased for two herds, on the under- 
standiiig that during the fii st tlnee years they should so used approxi- 
mately equally in both herds, and if one bull Avere found to be of 
great dairy prepotency, h(' Avordd be kept as long us possible for 
mating AAuth mature and unrelated coavs. Under these conditions, 
however, judicious in-breeding most probably would give very 
satisfactojy results. Such a scheme could be worked equally well 
AV’ith three participants. The same system could be followed without 
the risk of dilTeren^’es of opinion Avhere one OAvner maintains a large 
herd or has cows at two or moi’c homesteads. Young bull^ Avould 
be required from time to time for mating Avith heifers, as is the 
custom at present. 
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The co-operative societies of small holders organized under 
the Ministry of Agriculture’s Live Stock Improvement Scheme 
could atlopt the tested sire system. Bulls could be transferred 
from one society to another, and the societies would have the advice 
and assistance of the Live Stock Officer at all stages. The period 
necessar}’’ for a progeny test could also j)robably be sliortened by 
good management and feeding of the young stock, and by mating at 
an earlier age than usual. 

Owners of pedigree herds who have confidence in the bulls 
they offer for sale, might alst) come fo some agreement with purchasers 
as to the lelention of a bull for the necessary time, since, when a 
specially good bull is found, fhe family from which he is bred 
immediately increases in value. 

Progenv tests of cows. 

’i’ests (»f fhe power of transmission of dairy qualities in cows 
are not, of ccturse, of the same importance as in the case of bulls. 
A cow will, on the average, have but five or six calves in a breeding 
herd, and as onlv half of those naiv be heifers, individual cows w'ith 

' i. t/ ' 

the maximum power of transmission can, through their female 
j)rogeny, make only a small contributioJito the improvement of the 
Iteni. The basis of selection of cows for breeding must, neverthe- 
less, be facts — not opinions hence the need for a great deveh)pment 
of milk recording to supply information on the degree to which 
dairy qualities arc possessed by cows in the herd. The need for 
constitution must also l)e kept in mind ; and, lastly, “ foundation ” 
cows sliould cxem])lify to a marked degree the type and characteris- 
tics of the breed. 

KecJISTRK.S of heavy-milking cows and op DAIRY BULLS. 

Reference may also be made to the formation of registers of 
heavy-milking cows in relation to the breeding of dair}’^ bulls. 
Registers of cows complying ivith certain conditions as to minimum 
yield, aijd other particulars, are now compiled by the Ministry of 
Agriculture, the Dairy Shorthorn Association, and at least one 
Breed Society, and one of the advantages claimed for such registers 
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is that they afford a basis for a register of bulls out of cows with 
authenticated yields. The emphasis already laid on the distinction 
between possession of dairy qualities and j)owcr of transmission, 
and on progeny tests, indicates another basis which might be 
adopted for entry into a register of bulls. 

A register of bulls whicb have a minimum number of female 
progeny qmlijifin;i for entry into the registry of heavy-milking 
cows, will be a more vai liable guide to breeders than a list of bulls 
out of registered cows. 'Phe entry of a bull into such a register 
would add greatly to its own value and to thi; value of its family, 
and tlu‘ information would be an invaluable complement to pedigrees 
and of great assistance in selecting animals for any particular 
application of the line-breeding system. 

S(TM.%j,\nv. 

From the individual breeder's point of view, success in breeding 
for milk production is mo.st likely to be attained by working steadily 
tovv.irds au att.iinable ideal embodying type, constitution, breeding 
powers and dairy qualities : by the selection of cows conforming 
as closely as possible to this ideal; by the study of pedigree and 
milk records; and by tin* use of bulls, good animals in themselves, 
and possessing some considerable degree of concentration of the 
blood of a family of cows (/.c.. line-bred) showing the desired type 
and characteristics, and the required degree of dairy qualities. 
If au aged l)ull of the. desired breeding and the sire of progeny of 
known merit can be obtained, a definite advance should be assured. 

From the breed point of view, success lies in the direction of 
the identification and increase of families and animals possessing 
breed characteristics, dairy qualities, and the power of transmitting 
them to the utmost possible extent ; the adoption of a uniform 
method of stating milk yields; the certification of milk yields and 
percentage of fat by an external authority ; the development of 
registers for heavy-milking cows, with classes for different ages from 
the age of first calving to maturity and the formation of registers 
of bulls with a minimum number of daughters entered in tW heif^ 
arid cow registers. 
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From the national point of view, breeding for milk production 
would be assisted by the inauguration of a scheme for the collection 
of data on the possession and inheritai\ce of dairy quabties and for 
the study of this data at the Institute for llescarch in Animal 
Breeding. 



INTENMVF CrLTJVATJOX IM'IMNO THE WA1{* 


Although tlic woi wliicii intensive cullivators accomplished 
during the \var is smuil in comparison vvitli the great ork performod 
by BritihU agrieultin ists. yet nevertheless it is in itself by no means 
inconsi(leTal)lc, and iS, more '\e7‘, significant, and deserves a brief 
record. That work may Jiave turned and probably did turn the 
scale between searcily and sulliciejiey ; foi. as I am informed, a 
difl’erem (' of It) |)(‘r '-ent. i" fo'xl su])plies is enengh to convert plenty 
into dearth. Seen from ;his st iiidpoint the war-work accompli.shed 
by the professional iiorticnlt tiri.'-i the luirsej'ynian, the florist, the 
glass-liouse cultivator, the fruit grov'er and maiket gardener — and 
by the ])r(ifessional and amateur gardtnter and allotment holder 
assiimt's a real importance, alltoit tiiat tlie sum total of the acres they 
cultivated is but a fracticn' of the land whicli agriculturists put 
under the jtlough. 

As a set-off against the relative smalbicss of the acreage brought 
(limng the tvar under intetisive cultivation for food puiposes, it is 
to be remembered that tlie yields per acre obtained by intensive 
cultivators are remarkably higli. Foi- example, skilled onion- 
growers compute their average yield at something less than five tons 
to the acre. A ehrvsanthemum-grower who turned his 7-osources 
fro7n the production of those flowe7's to that of onions obtained, over 
an area of several acres, a yi(*]d of J7 to7is pe7- acre. The average 
yield of potatoes under farin (•o7iditions in hhigland a 7 id Wales is a 
little over six tons t o the acre, whereas the army gardeners in France 
produced, from Scotch seed of Arra7i C'hicf which \vas, sent to them, 

crops of 14 tons to the acre. Needless to say, siic'h a rate of yield as 

• 

* Kxtra.’letl from llii* rrosidi'iiiial .Addross of Professor Frederiek Kooblc, CMi.E., 
F.HnS., to tbe Agrieullural .Section, British Association, ('urdiff. Keprinted from 
Tht Jour, oj th^ Hoyal Society of Ji/j, dated 8th Oct., 1920. 

( 89 ) 



do AGRICULTURAL JOURNAL Of INDIA [XVI, I. 

this is not remarkable when compared with that obtained by potato- 
growers in the Lothians or in Lincolnshire, but it is nevertheless 
noteworthy as an indication of what I think may be accepted 
as a- fact, that the average yields from intensive cultivation are 
about double those achieved by extensive methods. 

The reduction of the acreage under soft fruits, strawberries, 
raspberries, currants and gooseberries, which took place during the 
war gives measure of the sacrifices— pai'tly voluntary, partly in- 
voluntary —made by fruit-growers to the cause of war-food produc- 
tion. The total area under soft fruits was 55,500 acres in 1913, by 
1918 it had become 42,415, a decrease of 13,145 acres, or about 
24 per cent. As would be expected, the reduction was greatest in 
the case of strawberries, the acreage of whicli fell from 21,692 in 
191 3 to 13,143 in 1 918, a decrease of 8,549 acres, or about 40 per cent* 
It is unfortunate that bad causer often have best propagandas, for 
were the public made aware of such fact-s as these, they would realize 
that that tlie present higli prices of soft fruits are of the nature of 
deferred premiums on war- risk insurances, with respect to which the 
public claims were paid in advance and in full. 

I should add that the large reiluct ion of t he st rawlierry acreage 
is a measure no less of the shortsightedness of olTtcials than of the 
public, spirit of fruit-growers ; for, in the earlier years of the war, 
many counties issued compidsory orders requiring the. grubljing up 
and restriction of planting of fruit, and I well remember that one of 
my first tasks as C'ontroller of Horticulture was to intervene with 
the object of conA'iniing the enthusiasts of corn production that, in 
war, some peace-time luxuries become necessaries and that, to a 
sea-girt island beset by submarines, homegrown fruit most certainly 
falls into this category. 

Those who were in positions of responsibility at that time will 
not readily forget the shifts to which they were put to secure and 
preserve supplies of any sorts of fruit wdnch could be turned into 
jam — the collection of blackberries, the installation of pulping 
factories which Mr. Martin and 1 initiated, and the rushing of supplies 
of scarcely set jam to great towns, the populace of which, full of a 
steadfast fortitude in the face of military misfoHune, was ominously 
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losing ita sweetness of disposition owing to the absence of jam and 
the dubiousness of the supply and quality of margarine. 

But though the public lost in one direction it gained in another, 
and the reduction of soft-fruit acreage meant reckoned in terms of 
potatoes— an augmentation of supplies to the extent of over 100,000 
tons. Equally notable was the contribution to food production 
made by the florists and )uirserymen in response to our appeals* 
An indication of their eft’ort is supjilied l)y figures which, as president 
of the British Florists’ Federation, Mr. (leorge Munro whose invalu- 
able work for food production deserves j)ublic recognition— caused to 
be collected. They relate to the amount of food production under- 
taken by 100 leading florists and nurserymen. These men put ] ,075 
acres, out of a tot al of 1,775 acres used previously for flower-growing, 
to the pur})ose of food production, ajid they put 142 acu’es of glass, out 
of a total of 218 acres, to like use. • T compute that their contribution 
amounted to considerably more lhan 12,000 tons of potatoes and 

5.000 tons of tomatoes. 

The market growers of Plvesham arid other districts famous 
for intensive cultivation also did their share by substituting for 
luxury crops, such as celery, those of greater food vahie, and even 
responded to our appeals to increase the acreage under that most 
chancy of crops — the onion by laying doAVji an additional 4,000 
acres and thereby doubling a crop which more than any others 
supplies accessory food substances to the g<;n(!rality of the peo])le. 

In this connection the yields of potatoes secured by Oermany 
and tliis country during the w'ar period are Avorthy of scrutiny. 

’I’he pre-war averages were : Cermany, 42,450,000 tons ; 
United Kingdom, 6,950,000 ttuis ; and the figures for 1914 were: 
Germany, 41,850,000 tons. United Kingdom, 7,476,000 tons. 

Germany’s supreme effort was made in 1915 with a yield of 

49.570.000 tons, or about 17 per cent, above average. In that year 
our improvement was cudy half as good as that of Germany : our 
crop of 7,540,000^ tons bettering our average by only 8 per cent. 
In 1916, weather played havoc w’ith the crops in both countries, 
but Germany suffered most. The yield fell to 20,550,000 tons, a 
decrease of more than 50 per cent., whilst our yield was down to 
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5,469,000 tons, a falling off of only 20 per cent. In the following 
year, Germany could produce no more than 39,500,000 tons, or a 
90 per cent, crop, whereas the Ihiitcd Kingdom raised 8,604,000 
tons, or about 24 per cent, better than tlie average. Finally, whereas 
with respect to tlie 1918 crop in Germany no figures are available, 
those for the United Kingdom indicate that the 1917 crop actually 
exceeded that of 1918. 

There is much food for thought in these figures, but niy imme- 
diate purpose in citing them is to claim that of the million and three- 
quarter tons increase in 1!)17 and 1918, a goodly proportion must be 
put to the credit cd the intensive cultivator. 

J regret that no statistics are available to illnstmte the war- 
time food productio)! by professional and amateur gardeners. That 
it was great, I know, but liow great 1 am unable to say. This, 
however, 1 caji state, that from' the day before the outbreak of 
hostilities, when, with the late Secretary of the Jloyal Horthndtural 
Society, I started the intensive food-production cam])aign l)y urging 
publicly the autumn sowing of vegetables— a jnactic-e both then and 
now insufficiently followed the amateur and professional gardeners 
addressed themselves to the work of producing food with remark- 
able energy and success. Xo less remaikable and successful was 
the work of the old and new allotment holders,, somuchso indeed 
that at the time of the Armistice there were nearly a milbon and a 
half allotment holders, cultivating upwards of 125, (KK.* acres of land : 
an allotment for every five households in England a nd Wales. It is a 
pathetic commentary on the I'eace that. Vienna should find itself 
obliged to do now what was done here dming the war, namely, 
convert its jnirks and open spaces into allotments in order to 
supplement a meagre food supply. 

This brief review of war-time intensive cultivation would be 
incomplete, were it to contain no reference to intensive cultivation 
by the armies at home and abroad. From small beginnings, fostered 
by the distribution by the Jtoyal Horticultural Society of supplies 
of vegetable seeds and plants to the troops in France, army cultiva- 
tion assumed, under the direction of Lord Hpcourt’s Army Agri- 
cultural Committee, extraordinary large dimension : a bare summary 
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must suffice Jierc, ])ut a full account may be found in tbe report 
presented by the Committee to the ITouses of Parliament and 
published as a Pai-liameTitary Paper. 

In 1918 the armies at homo cultivated 5,809 acres of vegetables. 
In the summer of <h-i.t year tlu' cam]) and other gardens of our 
armies in France were jiiodncinp 100 tons of vtgetables a day. 
These gardens yicided, in 1918. 14,000 tons of vegetal)les, worth, 
according to my cstimarv*. a ijuarter of a million pounds sterling, 
but wor+ii intinitely more it measured in terms oi benefit to the 
health oi the troops. 

As the resull of flenerai J\laude's initiative, the forces in Meso- 
])otamia became great gardeners, and in 1918 jiroduced 800 tons of 
vegetables. a])arl altogether frcmi the large cultivations carried out 
by Ilis Maiesty’s Forces in that wondm'fulh fertile land. In the 
same yeai' the forces in Salonika had about. 7.000 acres under agri- 
(iultural and hortieultund crojis, and raised ])roduce which effected 
a saving of over 50,000 shi])piug tons. 



THE DYNAMOMETER FOR THE LINCOLN TRIALS .♦ 


There is a limit to tlie. extent of the accuracy of the results 
obtainable from a tractor trial like that which is to take place at the 
end of September this year at Lincoln. I’he difficulty is that pre- 
cisely similar conditions for a large number of competitors are 
unattainable, and .even the smallest variation in a maiter of this 
kind may produce effects quite out of proportion to f he difference in 
the conditions. It is partly for this reason that T have always held 
that a purely competitive event is not only impracticable, but unfair 
to the competitors, as an elemeiit of chance is introduced which 
should not obtain when dogmatic statements as to the comparative 
merits of the machines tested are to be made. 

Let us take, for example, the simple operation of ploughing. 
It is a straightforward operation, seemingly, and, quite rightly, is 
made the basis of any comparative tests of agricultural tractors. 
It might be thought that, provided that each tractor w^as set to pull 
the same tyj)c and make of plough, and if all were put in the same 
field, the results would be fairly comparable. If a perfectly flat 
field were to be selected, and if it were homogeneous throughout ; 
if the tractors all ran at. t he same speed, and if all ploughed to the 
same Mudth and depth, then the re.sults would be comparable. But 
it will be observed that the comparison would oidy then be possible 
in respect of the fuel consumption, since the conditions have ensured 
that the acreage ploughed per unit of time will be the same for every 
tractor. Moreover, since all those machines will not be designed to 
travel economically at, the one speed, little satisfaction will be 
afforded by the results which accrue from the test. As this is only one 
aspect of the matter, and as there are a great many such aspects, it is 
evident that the people who are re-sponsible for the carrying out of a 

* K«printed from Country Life, dated August 14, 1920, 
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test on the lines of this year’s trials have embarked on a work of 
considerable magnitude. 

However, having de* ided irrevocably, as it seems, on a competi- 
tive tesi', tJie lloyal ^g'^icultural b' .iety, who were responsible for 
that dccistfin, aiiW the t o< io1^ of Motor Maniifactnrcjs and Traders, 
who have detiuifelv jiiade Tip hoi: minds to coda borate with tJie 
senior bi'dy in this matter, undoubtedly took a step in the right 
direction when tliey deei d to compel every comjietitor in any ore 
class to operate the same type and make of plough, (bnsiderable 
dissatisfaction, due in the main io misunderstanding, has arisen 
out of tin's decision, and T Inu^e been reipiested to elucidate one or 
two points cioncerning if. 

The original decision to make tliat condition arose, as 1 have 
indicated, from a desire t<> arrange for equal conditions for all those 
machines, which were tliiecfly in*con 'petition with one another. 
’I'he trial is (‘ssentially one of tractois only, and not of implements. 
Having decided to n.se, in each class, one make of plough only, the 
next ])oint which arose was, '• which jilough shall we select ?” 
It was felt to be desirable to avoid, .so far as 2 K)Ssibl('. the making of 
any invidious distinctions between the various types of implement on 
the market, and sevej-al plans for making the choice were di.scu.ssed. 
It was even .suggested, I understand, that a composite implement 
should be constructed from various jrarts, purchased from different 
makirs, but this was regarded as going a bit too far. Eventually 
it was decided that, as a prelimijiary, foreign ])loughs should be 
eliminated and only British ploughs used. The idea was not a 
very startling or original one, and although the elimination of 
the American plough naturally caused a little heart-burning among 
importers of tln)se imjdements. it is obvious that the same grievance 
is anyhow to be meted out to all but a few’ - three, as it has turned 
out -of our British makers. 1 do not think the matter is one of 
great moment. It is certainly time that someone gave the British 
manufacturer a bit.of a leg up. 'J’he B. A. b. of England at least is 
justified in making some such discrimination. 

At any rate, by this simple process of elimination, the number 
of makes of implements from which the choice had to l)e made was 



96 


AORIOULTURAL JOURNAL OP INDIA 


[XVT, I. 


considerably and conveniently reduced, actually, as it proved, to six, 
who offered to put tlieir implements at the disposal of the society 
for the trial. This offer was by no means one to be considered 
lightly, as it involves in one case the provision of no feuer than 
tAventy-eight self-lift three-furrow ])loughs, with an adequate supply 
of spare parts and the attendance of the necessary experts to ensure 
that they are set properly for the work. 

The final selection was made on a basis of pure chance, the 
six names being thrown into a hat and those which wore drawn out 
first being selected for the honour— and responsibility — of providing 
the implements. As is iioav pretty widely knoAvn, the selected 
ploughs are the Hornsby two-furrow, the llansome three-furrow and 
the Martin four-furrow. It is important to note that the choice of 
these implements rested on chance only so that while there is no 
actual merit attaching to the selection, it is equally true that the 
mere fact, of a maker’s plough not having been chosen, does not in 
any way reflect on the capacity either of the plough or its maker. 

In the endeavour to ensure that all the tractors in any one class 
shall operate. 

The Drawbar Dynamometer 

under equal conditions, the provision of the same type of plough 
for each is a step in the right direction. It does not, however, go far 
enough. It is im})racticable to arrange that each and everyone of 
them shall work in soil of precisely the same consistency, so that 
measures have to be taken to calibrate in some way or other the 
actual effort which each machine is exerting. The simplest way to 
do this is to ascertain the actual pull which is being exerted through 
the tractor drawbar. For this pur2)ose what is termed a drawbar 
dynamometer is used, and in these important trials, to eliminate 
any possibility of error owing to differences in the actual reading of 
the instrument, it is arranged that the actual pull shall be recorded" 
on a chart. Last year, as may be remembered, two of these dynamo- 
meters were used, one made by the National Physical Laboratory, 
the other being of American manufacture. The former was used for 
the measurement of the drawbar pull of tbe tractor, when it was 
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exerting its maximum, and for the purpose of arranging the pull, a 
loaded trailer waggon was used with the dynamometer mounted on 
the front. When measuring the drawbar pull exert jd while plough- 
ing, the American dynamometer was used, as being better adapted 
for the purpose. 

The machine which wiil '»o u’ed this year is a much better 
instrument than eitii t of those used last year. It has been designed 
at the N.P.L., principal! -. I believe, by Mr, J. T. Hyde, under the 
supervision of Dr. Stanton of the Engineering Department of the 
Laboratory. It can be used for measuring the drawbar effort in 
practically any circumstances wliich are likely to arise. The 
dynamometer itself consists simply of a bairel and plunger, which is 
inserted between the tractor and the implement or trailer which it is 
hauling. The barrel is full of oil, and as the tractor commences to 
move the pull which it exerts is transmitted to the oil as pressure. 
Communication is effected by means of a flexible pipe between the 
oil in the barrel and the recording apparatus, which is in principle 
simply a needle and pencil, the latter in contact with a sheet of paper 
wound on a dnim. As the pressure waxes and wanes, the pencil 
rises and falls and thus records the pull of the tractor. [Cultor.] 
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IX)MESTIC FRUIT BOTTLING- WITH OR WITHOUT SUGAR* 


Fruit which is left exposed to the air will go bad. It may be 
preserved almost indefinitely if it is properly bottled. The reason 
why perishable fruits go bad so quickly is that under ordinary 
conditions the germs of decay present on their surfaces begin to grow, 
increase in numbers, and set up decomposition in the fniit. These 
germs may be already present on the fruit when it is put into the 
bottle, or, unless the bottle containing the preserved fruit is made 
air-tight, small quantities of air passing into the bottle may carry 
them in with it. In order to preserve fruit it is necessary (1) 
to destroy or stop the growth of any germs already on the fruit, and 
(2) to seal the jar containing the fruit so that further organisms in 
the air are prevented from reaching it. 

These objects are carried out by placing the fruit to be preserved 
in a suitable jar and then raising the temperature sufficiently to 
destroy or render inactive any germs present on the fruit. This 
having been done, the jar is sealed so as to prevent germs from 
entering from the outside. The method of destroying the organisms 
or rendering them inactive is termed pasteurization, and 
usually consistsinheatingthefruitin water or in syrup, though the 
fruit may also be heated whilst in a dry state, boiling water or 
syrup being poured over it afterwards to prevent it from drying 
during storage. 

Bottling is the most economical method of fruit preservation 
at the present time when sugar is dear, because — 

(a) The use of sugar is not essential. 

(b) The process is simple and inexpensive. 

(c) Fruit can be preserved whole for tarts or stewing or in 

pulp for jam-making at a later period. 


* Reprinted from The Jour, oj the Min. of Agri., Vol. XXVII, No. 6. 
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In view of the world shortage of sugar, the bottling of whole 
fruit cannot be too strongly recommended, because of all methods 
of preservation, this requires the least amount of sweetening to 
render the fruit sufficiently palatuMc for table use. 

Method with special bottles ok jars : apparatus required. 

(a) Unifies. Screw ■< >n or clip top gla.-:s jars are usually obtain- 
able from any ironmonger. The cheapest type of jju- has a tin lid, 
but this not so good as the others mentioned. tScrew top jars 
are the best, though those sppplied with <i metal spring are quite 
satisfactoiy. Before use, the bottles — particularly new ones — 
should always be tested for flaws, as the seating for the rubber 
bands is apt' to be irnnejb'ct; somctinie.c a small ridge is 
left at this point in th- n'.al{i!m,,and must be removed with a 
file in order that the « ap will lit quite evenly with no sign of 
rocking. 

{h) Sterilizer. When small quantities of fruit are to be bottled, 
a large saucepan, boiling pan, iisli kettle, or .‘•'imilur vessel for heating 
water will suffice, provided is deep enough. For fairly large 
quantities, a pan holdbig one or two dozen bottles is necessary. A 
sterilizing outfit (several makes of which are on the market) may be 
usefully employed. 

In using any ordinary pan as a sterilizer it is es.sential that a 
false bottom be fitted, as tlie bottles must not touch the bottom of 
the sterilizer or boiling pan. A wire frame or .strips of wood nailed 
together trellis fashion will answer the jnirpose. 

(c) Thertnoineler. For successful work a thermometer is 
necessary. One of a “ floating dairy ” type which registers not less 
than 212”F. is very convenient, or the rather heavier stem variety 
answers quite well. A rubber washer will hold it in position. 

It is essential that great care be exercised in the choice 
and renewal of rubber rings, as faulty ones are often the cause of 
failure. When rings are kept from one year to another they are 
apt to “ perish.” Unperished rings, when stretched, will return to 
their original size, and when pinched, will not crease. It is cheaper 
to cast a doubtful ring than lose a jar of fruit. 
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Selecting and preparing the fruit. 

Slightly under-ripe fruit gives the best results in bottling. 
If all the fruit are not of this class, the ripe and unripe fruit should be 
separated and treated independently. Grade carefully so that each 
bottle contains even-sized specimens. Wash well in cold water, 
with the exception of fruit like raspberries and loganberries ; these 
would lose flavour if so treated. Preparation before bottling varies 
somewhat according to the fruit, e.g., gooseberries should be topped 
and tailed ; currants lightly shredded from their stalks ; rhubarb 
skinned and cut into pieces of a uniform size ; cherries must be 
stalked, and, if possible, stoned ; the hulls should be removed from 
raspberries ; large juicy plums may be cut in half before being placed 
in the bottle ; peaches and nectarines should be skinned, stoned and 
halved ; apples and pears must be peeled and “ quartered.” A 
silver or plated knife only should be used for preparing fruit. 

Pasteurizing. 

Pack as tightly as possible the bottles without bruising the 
fruit. Fill the bottles with cold w'ater to overflowing. Place on 
the rubber ring, cap, and screw b.and or clip ; screw up and then 
release slightly to allow air to escape during pasteurization. Clips 
or springs allow the air to escape automatically. Place the bottles 
in the pan in which they are to be pasteurized, the cold water in the 
pan being within an inch of the tops of the bottles. Different 
fruits require different treatments, but for most fruits the following 
method will be found satisfactory : — 

(fl) With thermometer. Bring to the required heat slowly 
at the rate of approximately 2°F. per minute. A 
temperature of 156“ to 180° is necessary. {See 
time table given below.) 

(6) Without thermometer. Bring the water very slowly to 
simmering, or until the hand cannot be held on the 
pan lid. When this point is i^ached, lift up a bottle 
for examination. If the frfut is still firm in the 
bottle put it back in the pan, but so'soon as it begins 
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to move about when the bottle is twisted, it is ready to 
come out. 

Should the water in the pan become too low through boiling, 
more should be added, but it must be of the same temperature as 
that in the pan. 

IVhen ready, the boitlcs should he removed, the covers at 
once se^'wely fusl^iied down, and the bottles allowed to cool slowly. 
Hot bottles must not b( jdaced on anything cold, or they may crack. 
When q’lite cold, remove the screw or clip and test the seal by 
lifting the Itottle by the cover. 'I’his test is possible if the bottle and 
fittings iTO perfect. If the lid lifts off the fitting is in)perfect. Find 
the fault and remedy it, then re-pasteurizc. 


Tjme tabli-:. 


Fruit 

1 

1 Ml ‘X hod 

j XciJipcia-t arcs 

'J'iines 

All soft, atul htnue 
fruits 

j St art ini; with 
cold water 111 - 
side and out 

WT 

iP 

e 

IJ houi-s, rising to MO® in first 
hour, and to loO* for next half 
hour. Maintain at 15b® for 
10 to 15 minutes for stone 
fruits, and at 155® for 5 minutes 
only for soft fruits. 

A])|ilcs and pours 

An above 

ise* 

1} hours, li.^ing to lot)® in first 
hour, and to 180° in next 
half hour. Maintain at 180® 
for 10 to 15 ininutcH. 

Syruped fniib 

(/old syrup 

lO^hijihcr titan 
for each above. 

1 \ hours, as for each above. 


“ Dry ” METHOD OF BOTTLING. 

This method, which is more particularly suited for plums and 
gooseberries, is very simple and gives results somewhat superior as 
regards flavour to those obtained by the foregoing methods. 

Pack the fruit tightly in the bottles and place in a slow oven 
until the fruit shrinks slightly ; it is then ready to come out. Have 
boiling water ready, remove one bottle, fill up with the boiling water, 
and fasten securely before taking another bottle from the oven. 
See that the lids and fittings are warm before being placed on the 
bottles. This method may be adopted with special bottles, or with 
ordinary bottles or jars sealed as described below. 
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Bottling in obdinaby bottles and jabs. 

Glass jars with a special device for sealing are to be preferred, 
and their use is strongly recommended, but if they cannot be obtained, 
ordinaiy wide-necked bottles or jars may be used and sealed by one 
or other of the methods described below. The necks of the bottles 
should not be larger than is necessary for the insertion of the fruit, 
and should be so formed that air can be absolutely excluded by 
sealing. The chief difficulty in using ordinary bottles and jars is 
that of securing a sufficiently germ-proof seal. Several forms can be 
made to serve, if carefully applied, but it is advisaljle to examine 
the bottles in store from time to time in case fermentation or 
mould-growth occurs in any of them. If this happens, the contents 
should be consumed without delay, or the affected fruit should be 
treated again and resealed. Ordinary bottles or jars should not be 
packed so full of fruit as special bottles, on account of the sealing 
necessary to render them air-tight. Otherwise, pasteurization should 
follow the lines of bottling in special bottles. 

Methods of sealing. 

The old method of tying a piece of bladder over the mouth of 
the bottle is fairly satisfactory. Bullock bladders, obtainable from a 
butcher, should be washed and soaked i)) warm water to soften them 
before use. They should be tied on with string, having been cut 
previously into pieces of such size as will leave a fair-sized margin 
below the string after tying. Better results are obtained by 
purchasing parchment paper jam covers for pasting or gumming on, 
provided that the bottles arc afterwards kept in a cool, dry place. 
Corks may be used instead of bladders, scalding them well first and 
then after insertion, sealing the tops with sealing or bottle-wax. 
Mutton fat is sometimes used. It is poured on the surface of the 
water in the bott le so as to form, when cool, a solid block of fat 
in the mouth of the bottle. 

Other methods are : — 

(a) Two layers of parchment paper, pasted or gummed 
separately, one over the other, placed over the bottle 
and tied with fine string. 
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(6) Three or four layers of writing or ordinary paper, pasted, 
gummed, or starched separately, one over the other, 
and then tied tightly with fine string. 

(c) Three or four layers of tissue paper dipped in milk and 
placed separately over the mouth and tied tightly with 
fine string. 

(6 Calico, linen or cloth, cut to size, with paper rounds to 
lie exactly on the top of the bottle. Melt together 
1 lb. 0 + resin, 2 oz. of bees-wax, and 2 oz. of tallow, 
and paint the eut pieces of material. This sets in a 
few niiniites, and a large number may be made at one 
time. To use. place the piece of paper on the bottle, 
lay the prepared aeal over it and tie round. 


I'lIJS i)"-’ KYBUP. 

The use of syruj* is not. essential, puic water being equally 
suitable and ratlier more tran8])arej); . Moreover, a thin syrup affects 
the natural flavour of the fruit without making it sutiiciently sweet 
to render further sweetening unnecessary. Should sugar be desired, 
a syrup may be made by adding f Ib. to li Ib. of sugar to one quart 
of water, and boiling until the. sugar is dissolved. If syrup is used 
for “ dry ” bottling, it may be added to ihe fruit when boiling in lieu 
of boiling water. If used for the other methods of bottling, it should 
bi. poured on the fruit before pasteurization, in place of water. 

The use op saccharine. 

The use of saccharine as a sweetening agent for bottled fruits is 
not recommended, but may be used preferably when such contents 
are opened for table use. It is of the utmost importance that the 
solution made by dissolving saccharine in water should not be 
brought into contact with metal. For this reason it should be 
dissolved in a glass or cup and a wooden spoon used for stirring. 
On no account should it be used when bottles or jars having 
metal screw top fittings are employed. Saccharine should be 
added under the same condition as sugar (syrup) when bottling. 
The density of the solution will depend upon individual taste. 
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Causes of failube. 

1. Over-ripe fruit. 

2. Imperfect sealing. 

3. Water too hot causing mushy contents. The tempera- 

tures must be strictly observed. 

4. Cooking too long. The times given must not be exceeded. 

Points to watch. 

1. Bottles must be scrupulously clean. 

2. Make sure that the false bottom is in the pan before 

putting in the bottles, otherwise they will crack. 
Do not allow the bottles to touch the sides or this 
also will crack them. 

3. Bottles should be screwed down tightly one at a time as 

they are taken out of the pan. Hot bottles must 
never he handled with a cold or damp cloth as this 
will crack them. 



PUSA WHEATS IN AUSTRALIA. 


For suwe yearn past a number of trials of Fusa wheats has 
been carried out in Australia both I)y the Governiveni and by 
farmers interested iji the improvement of ■' diefit. One result has 
been the appearance of sc-nu. of the new varieties, not ably *]hisa 4, 
in the list of piize wini.s fs at the various agricultural shows in that 
country. During the current }ear (1920), Pusa4, grown by Mr. 
W. H. Scholz at Gilgandra, gained the first prize in the strong 
white class at the Royal Agricultui-al Show held last Easter at 
Sydney. In this competition, the wheats were milled and from the 
figures published in the Agricultural Gazette oj New South Wales 
of September last (Vol. XXXI, p. 027) it appears that this variety 
stood first in the Show and was awarded 92’5 points out of a total 
of 100. The judges in their report stated “ the sample of the Indian 
wheat, Pusa No. 4, exhibited by Mr. W. H. Scholz, of Gilgandra, 
is worthy of mention. It yielded a high percentage of excellent 
colour flour of 63 quarts to the sack sti’ength which was the highest 
water absorption of all the flours tested in the competition.” The 
results of the complete milhng tests were as follows : — 


1 

Appear- 
ance of 
grain 

Weight 

per 

bushel 

Ease of 
milling 

L 

Per- 
cen- 
tage of 
flour 

Colour 

of 

flour 

Percen- 
tage of 
dry 
gluten 

•Strength 

Total 

Maximum marks 

10 

iri 

10 

10 

15 

20 

20 

100 

Catalogue No. 
6595 

10 

14-5 

8 

10 

15 

17 

18 

92*5 


The bushel weight was 67 lb., the percentage of flour extracted 
73"7 and the percentage of dry gluten 12*9. 
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Besides coming out first in the milling tests, Pusa varieties 
took a number of other prizes at Sydney. Pusa 4 and Pusa 107 
were included in the collection which took the first prize for the 
five best strong wheats. Pusa 4 was one of the types in the list 
which took the second prize in this class. The same wheat is again 
mentioned among the five varieties which took the first prize for the 
beat collection of non-Farrer wheats. [Albert Howard.] 

* 

♦ * 

AN UNEXPLOITED SUPPLY OF CATTLE FODDER. 

The following is a lepriiit of a Bulletin by Dr. A. E. Parr and 
Babu Bislieshwar Dayal, publislied by the U. P. Department of 
Agriculture : 

Baisurai (PlucJiea lanceolata) is a very troublesome weed 
in several parts of the United Provinces, being particularly well- 
known in the districts of Aligarh, Muttra, Etah, Agra, Jaunporc and 
Benares. It has a very deep and spreading root system. Its seed 
is very light and is blown long distances by the wind. In this way 
the pest is spreading into districts which a few years ago were free 
from it. It does much damage in rahi crops, particularly in tracks 
where irrigation is not available. 

On account of its deep root system it grows- much more rapidly 
than the unirrigated crop, and inspite of many and expensive 
weedings a great reduction in crop outturn is the result. After the 
rabi crop is harvested baisurai grows with great vigour through- 
the hot dry months until the rains break. 

It is then so thick on the ground that it often has to be cut 
by hand and burnt before ploughing can begin. During the rains it 
grows less vigorously and does little furtlier damage till after the 
rabi crops are sown. 

The Agricultural Department recently started a farm at Bich- 
puri in the Agra District. This farm is right in the baisurai 
tract and a special study of the baisurai weed and methods of dealing 
with it was commenced early this year. These experiments are still 
in their infancy, but they have already yielded results of consider- 
able practical importance. 
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Baisurai in its younger stages is a succulent plant, with a good 
deal of leaf, and on this account it was thought advisable to try if 
some use could not be made of it as cattle fodder. Cattle grazing 
in a field, in which haisurai is growing, carefully avoid it on account 
of its disagroeable taste, and cultivators are under the impression 
that it Cf iinot be fed to cattle. 

To get rid of the l»ii re.r t^ste and make it ir jre palatable a large 
number of pn‘jiaratii»i > v.cr<5 tried with mor' or less success. The 
preparatiou which ga^e the most pulaiable result was obtained in 
the following Atuy sinijde way. 

Ba- 'iurai was ^ uf and hied iit the sun until the leaves were 
quite dry and brittle. This was tlaMi (dn)p])pd iij), mixed with bhusa 
and fed to bullocks. Sintill cjiiniififirs of hnisurdi were given at first. 
The iinaujiit vva.-' gradual y incr*ased and tie hhusu dihunislied 
until after ten days oi ike ^otal fodder Ava.s haisurai. 

AVe have now boon Jeediiu’ buliocks foi rive months on this 
mixture of (xiisurai and bhusa and li.ive, for the sake of comparison, 
iiad other bullocks fed on bhusa alone. The cattle fed on baisurai 
and bhusa iiave kept in as good condition as the others, and the 
baisurai has had no bar I efiVets on them. 

An ordinary bullock \vill eat roughly about 20 pounds of bhusa 
or j liar {Sorfjhum) stalks daily. In Imisurai tracts, bullocks can 
safely be fed 12 pounds bhusa and eight pounds ha/swraf prepared 
as d.escribed above. 

In the four districts of Aligarh, Muttra, Agra and Etah, there is 
a continuous tract of laud about one million acres in area, all more 
or less infested with baisurai. This tract is roughly a square with 
Khair (Aligarh), Cobardhaii (Muttra), Aclmera (Agra) and Jalesar 
(Etah) marking the corners. 

In this area of one million acres, in years of normal rainfall, over 
thirty lakhs of maunds of baisurai could be cut. In yesirs of deficient 
rainfall the quantity would be much greater. In this area there are 
about 150,000 working bullocks. I'hese bullocks during the eight 
months, from November to June inclusive, are fed chiefly on dry 
juar stalks and bhusa. They would consume per head during this 
period of eight months about 45 maunds of dry fodder. Of this, 20 
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maunds could be replaced by an equivalent weight of haisurai 
BO that the total consumption of baisurai by the working bullocks 
of this tract would be 30 lakhs of maunds. The 30 lakhs of maunds 
of bhusa &nd jmr fodder, thus released each year, would be available 
for sale or for building up reserve supplies. 

At present prices this quantity would be worth not less than 
16 lakhs of rupees. 

In the whole of the United Provinces, probably not less thaji 
fifty lakhs of maunds of baisurai could be fed each year. 

The famine of 1913-14 was the severest fodder-famine experi- 
enced in the United I’lovinces since 1878-79. Great efforts were 
made by Government and ])ri\ate agency to suj)ply fodder from 
outside sources to keep the cattle ali\’e. The total amount of 
fodder imported into the fandni' <listricts was slightly under forty 
lakhs of maunds, that is, considelaldy less than the total amount we 
estimate could be released each year by leediug available supplies 
of baisurai in these provinces. 

An analysis supplied by the Officiating Agricultural Chemist 
to the United Provinces Government indicates that baisurai has a 
much greater feeding value than bhusa or juar stalks. Its 
value, as indicated by this analysis, may be expressed by saying 
that 20 pounds of baisurai is equal to 20 ^Jounds of wheat bhusa 
plus three pounds of gram. 

Feeding experiments arc being ( arried on to s'‘e how this works 
out in j)ractice. 

In this note all we wish to bring out is t hat, wdthin the limits laid 
down, diied baisurai can replace bhusa w^eight for weight in the 
fodder ration. At present we recomiuend that it should be fed to 
working bullocks only. 

Its effect on young stock and milch cattle is being studied. 

* * 

ONE-WAY MOTOR-PLOUGHS. 

A CoBEESPONDENT Writes in “ The Times Trade Supplmont,” 
dated 28tb August, 1920 

Undoubtedly the most interesting of * recent developments 
in British agricnltariil mptpr-plQVgh^ 
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which has appeared upon the British market in the form — ^judging 
from field experiments — of a successful model. Upon a commercial 
basis, this and other one-way ploughs will soon make their appear- 
ance, and so provide a triumph for British makers, which others 
have long striven to ;iChieA but Avitliout success. 

The one-way motor-plojigA ha. features which' recommend it to 
all fannei.s, whose arable land is divided into comparatively small 
areas, as in this countiy. and also to those agiicnlturists abroad 
who require to economize the space left at the headlands. One-'way 
ploughing, moreover, is a simple procedure which native labour 
can follov; with little preliminary guidance, for there is no demand 
upon the operator to exhibit, skill in turning in a circumscribed area 
at the end of the furrorv, and simultaneously to lift the plough out of 
work. 

The. reasons for the popularity of the one-way system, therefore, 
are obvious, and it is not surprising to learn that home and overseas 
inquiries for such an outfit are very numerous. Many large estate 
owners and farmers have made special but vain journeys to England 
hitherto to try to secure one-way motor-ploughs, and have had to 
return with what is really the second best for their needs, the self- 
contained motor-plough or cultivator. 

The one-way motor-plough in the present case consists of six 
plough breasts, three being suspended from each end of the main 
carriage, which is modelled on the lines of a tractor body and is 
driven by an engine suOiciently powerfid 1o haul three furrows in 
the heaviest clay land. The forward shares are held out of work as 
the motor-plough proceeds across the field, and automatically drop 
into work when the machine begins the return journey. Ploughing, 
therefore, becomes one succession of forward and return movements, 
and as headlands are not required for turning alone the compression 
of the land is declared to be very slight indeed. 

This one-way motor-plough, and another of similar design, 
will compete at the Lincoln trials of the Royal Agricultural Society 
on September 28 and following days. As the two have never before 
been in competition in public, or had their work compared with 
tractors, much interest will be shown in the meeting. The first— 
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mentioned machine has the advantage that it can he used as a tractor 
to haul another implement or a laden wagon, for the ploughs can be 
removed. 

*** 

THE LINCOLN TRACTOR TRIALS : THE PRIZE WINNERS. 

Beporr giving the names of the winners in the various classes 
for tractors and ploughing engines at Lincoln, it may be as well to 
direct attention to the following list of the principal points to which 
the attention of the judges was directed (a) Weight of machine, 
(b) weight per inch, width of wheel and diameter of wheel, (c) mecha- 
nical design and construction, (d) adaptability to various kinds of 
work, such as harvesting and the like, (e) time taken to prepare for 
work, (/) ease and safety of hanciling, (g) ease of turning and space 
required for same, (h) efficiency of winding gear, (i) facility of 
attachment, (j) wheel devices, (Jb) attendance necessary, (1) consump- 
tion of fuel, water and other supplies per unit of work done, 
and (m) price. 

There were seven classes in all, and in each the prizes offered 
were two in number, the first being a gold meda.1 and £20, and the 
second a bronze medal and £10. 

Class 1 was for internal combustion direct traction engine not 
exceeding 24 h.p. suitable for plougliing two furiows, 10 in. wide 
by 6 in. deep. Ten machines were entered in this class, out of 
which eiglit turned up and took part in the trials, llie first prize 
went t/O the Case, entered by the J. I. f'ase Threshing Machine 
Company. The second prize went to the Cletrac, another American 
machine, marketed by H. G. Burford and Company, Limited, of 
16, Regent Street, S.W. 

Class 2 was for internal combustion direct traction engine 
not exceeding 30 h.p., suitable for ploughing three furrows. The 
first prize went to the British machine, the Peterbro’. This is a 
general pixrposc machine. 

Class 3 was for internal combustion direct traction engine over 
30 h.p., suitable for ploughing four furrows, 10 in. wide by 8 in. 
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deep. The first prize went to the Lauson, an American machine. 
There was no second prize awarded. 

Class 4 was for direct traction steam engine plant, suitable 
for ploughing four furrows, 10 in. wide by 8 in. deep. I’here was 
only one entry in this t !a^s, *he M<i.nn steamer, but it (certainly put 
up a remarkably go()J perforj unc^. in every S'^ction of the trial. 
In the hpayv land, i’or example, it Avas in what might almost be 
described as a field of lead, Avhich it steadily ploughed without a 
stop throT.ghout the Avhole of a day. It Avas also the only machine, 
among the heavy class, sat-i.sfactorily to perform on the hill climb 
(road haulage). 

Class 5 was for double engijie sets, with internal combustion 
power unit. There were only two entries, by John Fowler and 
(k)mpany (Leeds), Limited, and J. and H. McLaren, Limited. 
They both did aa'cII and were awfirded the first and second prizes 
respectively. 

(lass 6 Avas also for double engine sets, this time driven by 
steam. There was only one entrant, .lohii FoAvler and Company 
(Leeds), Limited. 

Class 7 was for self-propelled plough for plougliing not more 
than four furrows of not more than 10 in. wide by not more- 
Ihan 8 in. deep. The first prize went to the (haAvley Agrimotor 
( 'ompany, Limited, for the Avell-knoAvn British machine of the same 
name. The Moline, an American, Avon the second prize. [Country 
Lije, dated ICth October, 1920.) 

♦ 

* * 

EXEMPTION OF AGRICULTURAL IMPLEMENTS WORKED BY 
POWER FROM CUSTOMS DUTIES. 

The folloAving notification issued by the Government of India 
in the Department of Commerce is repAiblished for information : — 

In exercise of the power conferred by Section 23 of the Sea 
Customs Act, 1878 (VIII of 1878), the Governor-General in Council is 
.pteaaed to exempt from the payment of import duty leviable under 
Parts HI and IV of Schedule II to the Indian Tariff Act, 1894 
(Vni of 1894), the following agricultural implements, when to 
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constructed as to be worked by power, other than manual or animal, 
namely 

Winnowers, threshers, mowing and reaping machines, elevators, 
seed-crushers, chaff-cutters, root-cutters, ploughs, cultivators, 
scarifiers, harrows, clod-crushers, seed-drills, hay-tedders and 
rakes. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, LTC. 


Mb. j. W. Heabn, I.C.S. (Punjab), is appointed as Under- 
secretary +0 the Governmen. of India, Department of Revenue 
and Agncuhure, with effect from the 18 th October, 1020, vice 
Mr. J. C. B. Drake, T.C.S., appointed Secretary, Board of 
industries and Muniiions. 

* • 

-J-. * 

Mr. Albert Howard, C.I.E,, Imperial Economic Botanist, 
has been awarded tlie medal of the Royal Society of Ai'ts for his 
paper on The impi ovement of crop production in India ” read in 
the Indian Section on May 3Ist, 1920. The Chairman of the 
meeting was Sir Robert W. Carlyle, K.C.S.I., C.l.E. The paper 
was published in the “ Journu.1 of the Royal Society of Arts ” 
of July 1(5 and 23 last (Vol. LX /III, Xos. 3530 and 3531, 
pp. 555-577). 

* 

* * 

Mr. T. M. Doyle, M.R.C.V.S., at present attached to the 
Government Cattle Farm, Hissar, is appointed temporarily to fill 
the post of Veterinary Officer at the Imperial Bacteriological 
Laboratory at Muktesar. 

* 

* * 

Mr. H. C. Sampson, B.Sc., Deputy Director of Agriculture, 
Coimbatore, has been allowed combined leave for ten months. 

« 

♦ ♦ 

Mr. J. Chelvaranga Raju, Deputy Director of Agriculture 
Madras, is granted privilege leave for two months and 24 days. 

( 113 ) 8 
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His Majesty’s Secretary op State for India has .been 
pleased to appoint Mr. A.. C. Edmonds and B. B. Mnnro as Deputy 
DiiectoTB of Agriculture, Madras. , 

* 

* » 

Mr. P. J. Kerr, M.R.(!.V.S., Superintcudeut, Civil Veterinary 
Department, Bengal, was on combined leave for 27 days from 
27th November, 1920. Colonel A. Smith, F.R.dV.S., Principal, 
Bi'ngal Vntcriimry College, ofliviuted as Siiperiiilendent in addition 
to his own duties. 

* 

* * 

Rai Rajeswar Das Gupta Bahadur, Deputy Director ot 
Agriculture, Nortberu ('ivcle, Bengal, baa been aXioweA leave lor 
six months from tbe 1.5tb November, 1020, "Mr. 3adu Natb Barbar, 
Superintendent of Agriculture, Burdwan Division, officiating. 

Mr. Dwijadas Datta, B.Sc., M.S.A., Superintendent of 
Agriculture, is appointed to act as Second Economic Botanist, 
Bengal, with effect from the 3rd November, 1920, until further 
orders. 

♦% 

Mb. D. Quinian, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, Bihar and Orissa, is appointed to be Veterinary Adviser 
to the Local Government with effect from the 5tli Octobci, 1920. 

Mr. J. Robinson, N.D.D., Ollg. Deputy Director of Agriculture, 
Patna Circle, Bihar and Orissa, was on privilege leave for 22 days 
with effect from the 6th November, 1920. 

*% 

Thakub Mahadeo Singh, who has been appointed to the 
Indian Agricultural Service, has been posted as Assistant 
Agricultural Chemist, United Provinces. 

**♦ 

Mb. W. Taylob, D.V.H., M.R.C.V.S., Professor of Pathology 
and Parasitology, Punjab Veterinary College, is appointed 



PEBSONAL NOTES 


115 


' PoBt-Graduate Professor, in addition to bis own duties, with effect 
from the 16th October, 1920, reheving Captain E. Sewell, 
M.R.C.V.S., posted under the Superintendent, Government Cattle 
Farm, Hissar, for training. 

* 

* * 

Captain U. W. F. Walker, Officer under tiiviiung in the office 
(d the ('hief Superintendent, Civil Veterinary Department, Vuniab, 
ia ipipointed Professor of Surgery in the Punjal* Veterinary College, 
with effect from fhe 16th October, 1020. 

* 

♦ # 

'^\a30V. Y . It . W. k .'J .C , , Wen a.:ppb\n\,eA 

\e«ipoxaY\\''j to \W C\\'i\ N'VeTvwaTy TlepattmewA ‘\\\ tW. Vv\n\a\), 
with effect fron\ tlie . t Oc,t()ber. 1020, and is posted as 
Superiiffemlent, ('i,!! V('C!rinary 1 >e|>artnient, South Punjab. 

* 

* s|: 

Mr. J. Olaguk, J.(!.S.. is ])osted as Director of Agriculture, 
Burma, in place of Mr. J St. 0. Saunders, I.G.S. 

* 

* * 

Ml',. A . Mc'KKRRAn. M.A., B.Sc.. Dejjuty Director of Agriculture, 
Burma, has been granted an extension of leave for tiiree months. 

♦ 

♦ ♦ 

Colonel G. TI. Evans, C.I.E., O.B.E., Superintendent, Civil 
Veterinary Department, Burma, has been granted combined 
leave for nine months, with effect from the 28th November, 
1920. 

* 

* * 

On return from combined leave, Mr. D. Clouston, C.I.E., 
M.A., B.Sc., has been reposted as Director of Agriculture, Central 
Provinces. 

* 

* * 

On relief by Mr. Clouston, Mr. F. J. Flymen, A.C.G.I., has 
been appointed Principal, Agricultural College, Nagpur. 
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On relief by Mr.’ Plymen, Mr. S. T. D. Wallace, B.Sc., reverts 
as Assistant Director of Agriculture, Southern Circle, Central 
Provinces, 

♦ 

On return from leave, l^Ir. C. P. Mayadas, M.A., B.Sc., 
Assistant Director of Agriculture, has been appointed to officiate as 
Deputy Director of Agriculture, Western Circle, Central Provinces. 

♦ 

♦ ♦ 

Mr. H. Copley, who has been appointed by His Majesty’s 
Secretary of State for India as Agricultural Engineer, Central 
Provinces, assumed charge of his duties at Nagpur on the 3rd 
December, 1920. 

♦ 

* ♦ 

Mr. a. G. Birt, B.Sc., Deputy Director of Agriculture, Assam, 
has been granted an extension of leave on medical certificate for 
three months from the 23rd October, 1920. 





Plant Production and Fruit Culture in the Tropics. — ^By P. J. Wester, 

Agricultural Adviser, Manila, 1920. 134 pages and 23 plates. 

(Manila : Bureau of Printing.) 

This is a useful bulletin, giving a full account of up-to-date 
methods of plant pto})agation. particularly Avith reference to the 
Philippine, Islands. As the ant hor rig^il ly remarks, the improvement 
of tropical fruits has not made much progress, and fruit culture in 
the Tropics is largely an unexj)l<.>rcd field. Moreover, imjirove- 
ment in the case of fruit can be brought about only by means of 
vegetative propagation, Avhich he de.scribes “ as the corner stone 
upon which rests modern fniil culture.” 

Hence the bulletin is devoted largely lo describing methods of 
vegetative pro]aigation. Propagation !)v cuttings, layering, 
grafting, inarching and budding is fully described and well illustrated, 
and a li„t of tropical fiuit yilants is given, showing in eacli case 
the best methods of propagating them. 

The bulletin ends with brief directions for tree-planting and 
orchard management in general, and gives instructions regarding 
the chief insect and fungus pests of the Philippines, and the best 
methods of combating them. Altogether the bulletin is a useful 
publication and should be of value to those engaged in fruit culture 
and plant propagation in general in the Eastern Tropics. [G. P. H.] 


{ 117 ) 



NEW BOOKS 


ON AGNK’TJLTUIIE AND ALLIED SUBJEOFS 


1. Tin* ('Jioiuistry of Crop rrodiicLon, hy T. B. Wood, 

A.. E.LC., E. B.8. ^London; University Tiitoriul Press.) 
*’;i* 05. t)rf. net. 

2. Plant Indicators ; The Kelation of Plant- (Wamunities to 

Process and I*ractice, Ijy Frederic E. tienients. Pp. xvi-|- 
388-rXcii plates. (Washington: The Carnegie Institution.) 
Price, 7 dollars. 

3. A Text -book of Organic (.’hemistry, by E. de Barry Barnett. 

Pp. xii-f380. (London : J. &; A. (!hurcliill.) Price, 15s. 
net. 

4. Imperial Institute : Indian Trade Inquiry : lleports on Rice. 

Pp. ix-t-64, (London : J. Murray.) Price, (is. net. 

5. Keys to the Orders of Insects, by Frank Balfour-Browne. 

Pp. vii4-68. (Cambridge : At t-lie University Press.) Price, 
7s. tid. net. 

6. Catalogue of the Lepidoptera (Phalsenae) in the British 

Museum Supplement. Vol. 11 : Catalogue of the Lithosiadae 
(Arctian* and Phalajuoididse) in the ('ollection of the 
British Museum, by Sir George F. Hampson. Plates xlii — 
Ixxi. [London : British Museum (Natural History).] Price, 
32s. 6d. 

7. The Physical Basis of Heredity, by Prof. T. H. Morgan. 

(Monographs on Experimental Biology.) Pp. 306 . 
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(Philadelphia and London : J. B. Lippincott & Co.) Price, 
10«. 6(2. net, 

8. The Manufacture of Sugar from the Cane and Beet, by 

T. H. P. Heriot. (Monographs, on Industrial Chemistry.) 
Pp. x4-426. (London ; Longmans Green & Co.) Price, 
248. net. 

9. A Foundation Course in Cheniistry : For Students of Agri- 

culture and Techiiolonry, l)v J. W . Dodgscn and J. Alan 
Murray. Second Edition, < .irough]\ Jlevised. Pp. xii~(-241. 
(London : Ttodilec ajid t'-ughton, Ltd.) Price, 6s. 6d. 
net. 

10. Elemontary Agricult ina' 'icnistiv : A Land hook for Junior 

Agricull ural Sunlcnis d Fanneis. l»y Hcrhert fugle. Third 
Edition. R(‘viscd. I*|). 'c-f 2.")tr (i. 'flon: Clnirlos Griffin & 

fV*., Ltd.) Price, ;js‘. * 

11. A Ifandhook of British Alosqtiitoes. })y ])r. William Dic-kson 

Lang. J’p. vii-rJ2/> v plates. [London; British Museum 
(Natural History).) IVice, 20s. 

12. Recent Advances in Physical and Inorganic Chemistry, by Prof. 

A. W. Stewart. Fourth Edition. J’p. xvi-f286-t-v plates. 
(London : Longmans Green & Co.) Price, 18s. net. 

The following publications Iiave been issued by the Imperial 
Department of Agriculture since our last issue : — 

Memoirs. 

1. “Kumpta” Cotton and its Improvement, by G. L. Kottur, 

B. Ag. (Botanical Series, Vol. X, No. 6.) Price, 
R. 1-12 or 3s. 

2. Pebrine in India, by C. M. Hutcliinson, B.A. (Bacterio- 

logical Series, A^ol. I, No. 8.) Price, Rs. 3-8 or 5s, 6d. 

3. The Gases of Swamp Rice Soils. V.— A Methane-oxidizing 

Bacterium from Rice Soils, by P. A. Subrahmanya Ayyar, 

• B.A. VI. — Carbon Dioxide and Hydrogen in relation to Rice 
•Soils, by W. H. Harrison, D.Sc. (Chemical Series, Vol. V, 

• Nos. 7 and 8.) Price, As. 12 or Is. 3(2. 
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ReporU. 

4. Beport of the Proceedings of the Third Entomological Meeting, 
held at Pusa in February 1919. Price, Rs. 17-8 for a set of 
three volumes. 

6. Scientific Reports of the Agricultural Research Institute, 
Pusa (including the Report of the Secretary, Sugar Bureau), 
for the year 1919-20. Price, R. 1. 



PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
ACRICULTURE IN INDIA 


TO BK HAD FROM 

The Offiob or the Agkicultqkal Adviser to the Government or Indi Pcjsa, Bihar. 

and from ths following Agenti : — 

(7) THAOKBR A CO., LTD., Bombay. 

(8) SUNDHJR PANDURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 
SONS, Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 
DEPOT, Nagpur 

CO., Bombay. * 

A complete list of the publications of the Imperial Department of 
Agriculture in India can be obtained on application from the 
Agricultural Adviser to the Qovernment of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1, The Agricultural Journal of huiia, A Journal dealing; with subjects connected with 

affrioultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irri^ration, cdimatic conditions, insect pests, fiinjius diseases^ 
co-operative credit, afiricuU.iiral cattle, farm iroploraents, and other af^ricuitural matters 
in India. Illiistrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Advisor to the Government of India, and is issued once 
every two months or six times a year. Annual Suhttn'iniion, Rs. 6 or 9t. fkf.. including 
postaf^. Single copy. R. 1-8 oi 2 j». ^ 

2. Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of 
the Imperial Cotton Specialist). 

,3. Annual Report on the Progress of Agriculture in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Books. 

The following are the publications of the last two years : — • 

Soientiflo Reports of the Agricultural Research Institute and College, Pusa (inoluding the 
Report ox the Imperial Cotton Specialist), for the year 1918-19. Price. R. 14 or 2f. 

Scientific Reports of the Agricultural Research Institute, Pusa (inoluding the Report of the 
Secretary, Sugar Bureau), for the year 1919-20. Price, R. 1. 

Report on the Progress of Agriculture in India for the year 1917-18. Price, R. 1-8 or 2#. Zd, 

Report on the Progress of Agriculture in India for the year 1918-19. Price, R. 1-8 or 2f. Sd. 

Proceedings of the Board of Agricnltare in India, held at Pusa on the 1st December, 1919, and 
following days (with Appendices). Price, As. 12 or It. 3d. 

Proceedings of the Second Meeting of Mycological Workers in India, held at Pusa on the 
20th February, 1919, and following days. Price, As. 11 or 1#. 

Preoeedings of the First Meeting of Agricultural Chemists and Bacteriologists, held at Pun 
on 21th February, 1919, and. the following days. Price, R. 1 or It. 6d. 


(1) THACKER, SPINK A CO., Calcutta. 

(2) W. NEWMAN A CO., Calcutta. 

(3) Rai M. C. SARKAR BAHADUR A 

SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras. 
(6) THOMPSON A CO.. Madras. 

(6) D. B. TARAPOUKVALA, SONS A 



AdRlCULTURAL PUBLICATIONS— (Oonofal.) 

ProoeediDffi of tho First Meeting of Veterinary Officers in India, held at Lahore on the 
24th March, IQlQ^and following days (with Appendices). Price, As. 8 or 9ci. 

Proceedings of the Third Bntomological Meeting, held at Pusa in February 1019. Price, 
Bs. 17-8. 


MEMOIRS OF THE DEPARTMENT OF AORICUITURB IN INDIA 


BOTANICAL SERIES 


Vol. X, No. I. The Rice Worm (Jplsnc/ifw anguitu$) and its Control, by E. J. Butlrr, 
M.B., F.L.B. Pi ice, R. 1*4 or 2«. 

Vol, X, No. II. Studies in Indian Sugarcanes, No, 4. Tillering or Underground Branch- 
ing, by C. A. Bahbrb, c.i.k,, 8c,d,, f,l.8. Price, R. 4-4 or 7f, 

Vol. X, No, III, Studies in Indian Sugarcanes, No. .*>. On testing the suitability of sugar- 
cane varieties for ditferent localities, by a system of measurements. 
Periodicity in the growth of the sugarcane, by G. A. Baubrr, G.I.K., 
8c. i>., F.L.8. Price, R. 1-12 or 3#, 

Vol. X, No. IV, A Pyihium Disease of Ginger, Tobacco and Papaya, by L, S. Subkama- 
NIAM. Price, R. 1-8 or 2r. 6d. 

Vol. X, No. V. Studies in the Pollination of Indian Crops, 1, by A. Howard, c.i.b., m.a., 
Gabuikllk L. C. Howard, m.a., and Abdur Rahman Kuan. Price, 
U. 1-4 or Hd. 

Vol. X, No. VI. “Kumpta” Cotton and its Improvement, by G. L. Kottur, B. Ag. 
Price, R. 1-12 or 

Vol. XI, No. I. Some Aspects of the Indigo Industry in Bihar. Part I. The Wilt 
Disease of Indigo. Part II. The factors underlying the seed produc- 
tion and growth of .Java Indigo, by Albert Howard, o.i.k., m.a., and 
Gabrikllk L. 0. Howard, m.a., with the assistance of Chowdhary 
Ramdhan Singh and Maolvi ArdurUabman Kuan. Prico.R. l-2or2f. 

Vol. XI, No. 11. Studies in Diseases of the diite Plant, (1) Diplodia Corchori, Syd., by 
F. J. F. Shaw, d.sc., a.r.o.8., p.l.8, [In the pren.) 


ChBiniCAL SERIES 


Vol, V, No. IV. Cholam (A. Sorj/Attm) as a Substitute for Barley in Malting Operations, by 
H. ViswANATH, T. Lakshmana Row, B.A., and P. A, Raghunatua- 
8WAMI Ayyangak, Dip. Ag. Price, As. 12 or U. 

Vol. V, No V. The Phosphate Requirements of some Lower Burma Paddy Soils, by 
F. J. W arth, M.8C., B.8a, and Maung Fo Shin. Price, R. I- 12 or 3*. 3d, 

Vol. V, No. VI. Absorption of Lime by Soils, by F, J. Wartu, m.8c., b.bc., and Mating 
Po Saw. Price, R, 1-2 or 2r, 

Vol. V, Non, VII A Vlll. The Gases of Swamp Rice Soils, V -A Methane-oxidising 
Bacterium from Rice Soils, by P. A. Svbkahmanya Ayyar, b.a. ; and 
The Gases of Swamp Rico Soils, VI— Carbon Dioxide and Hydrogen in 
relation to Rice Soils, by W. H. Harrison, d.Sc. Price, As. 12 or D, 3<f. 

Vol. V, No. IX. The Retention of Soluble Phosphates in Calcareous and Non-calcareous 
Soils, by W. H. Harkihon, D.sc, and Stjrendra Lal Dab, m.bc. 
[In the preng,) 

Vol, V, No. X. Windrowing Sugarcane in the North-West Frontier Province. Part I, 
The Effect on the Economical and Agiicultural Situation, by W. 
Robertson Brown. Part II. The Effect on the Composition of Sugar- 
cane, by W. H. Harrison, i>.sc.; and P. B. Sanyal, m.bc. Price, 
As. 12 or D. 


ENTOMOLOGICAL SERIES 

Vol. V, No. V. The Rice Leaf -hoppers [Nephoteitix bipunciaiug^ Fabr, and Nephotetiix 
apiralis, Motsch.), by C. S. Misua, b.a. Price, U. 1-8 or 3s. 

*VoI. V, No. VI. Lantana Insects in India. Being the Report of an Inquiry into the Effi- 
ciency of Indigonoiis Insect Pests as a Check on the Spread of 
Lantana in India, by Rao Sahib Y. Ramacuandra Kao, M.a., f.b.b. 
Pric;», R. 2-4 or 4s. 6d. 

Vol. VI, Nos. I— 'IX. Life-hiitories of Indian Insects: Microlepidoptera, by T. Bainbriqoe 
Fletcher, r.n., f.l.8., f.r.b., f.z.b. Pnee, Rs. 7-8 or lit. 3d. 
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THE FUF^PLE HONEY-SUCKER {ARACHNECHTHRA ASIATICA). 



<llri{|inal ^tticUs 


SOME COMMON INDIAN BIKDS. 

Ni). 8. THE riJRPLE SHN-HIHD Oil HONEY-STJOKER 
(ARA ( 'TIXf'X ’If THRA A SI A TldA). 


T. RATNimiGHE FLETOIER, R.N., P.L.S.. F.E.S., F.Z.S., 

lm]}r^riai Entomoloifist ; 

AND 

(\ M. INGLrS. M.B,O.U., F.E.S , F.Z.S. 

Tirro Mafifpie Rohiii described in our last article is by no means the 
only bird whose* cheery notes enliven our compounds. Conspicuous 
amongst, the sinalh'j- feathered songsters and appealing both to eye 
and ear are the exquisite little Sun-birds or Honey-suckers, of which 
the males, clothed in metallic colours, are amojigst the most 
beautiful of the birds wliich occur in India. We have none of those 
lovely little gems, the llumnuug-birds, which flash splendidly from 
fiowej* to flower in South America, but we may almost imagine that 
we have when we see a tiny bird, clad in the most brilliant purple 
plumage, hovering over a flower with rapidly viluant. wings and 
extracting nectar with its long tongue, quite in the manner of a 
Humming-bird or Hawk-moth. Such a bird is almost sure to be the 
jnale of one of our species of Sun-birds belonging to the geiuis 
Arachnechthra, of which about eight species occur within Indian 
limits, but of these only three ate commonly distributed in the 
Plains: Loten’s Sun-bird {Arachnechthra loteniu), which occurs in 
Ceylon and Southern India, being wholly dark metallic purple 

( 121 ) 1 
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above, with a snuii-brown abdomen and a long curved beak ; 
the Purple Sun-bird (A. asialica), which is found throughout 
the Plains of India and in Ceylon, but is only a summer visitor to the 
Punjab, being very similar to the preceding, but with a violet black 
abdomen and a shorter curved beak ; and the Purple-rumped 
Sun-bird (A. zeylmim), which occurs in (^ylou, Southern and Central 
India, but not in Northern India or Burma, and is distinguished 
from the other two by its bright yellow lower plumage and crimson 
back. The females of these three species do not possess the brilliant 
metallic coloration of their mates and liave to be content with a 
dress which is earthy-brown or greenish-brown above and yellow 
beneath. 

The above-mentioned Ijirds belong, as already stated, to the 
genus Arachnechthra, but we have altogether some twenty-five 
species of Sun-birds within Indian limits and these are divided into 
four genera, the largest genus in point of numbers being jEihojpyya, 
containing those birds in wlihdi the males have lengthened middle 
tail-feathers and yellow rujups. In this genus the conntionest 
Plains species is the Himalayan Yellow-backed Sun-bird {Mtkopijga 
seherice), a bird with most of the upper plumage crimson, as is 
likewise the lower plumage as far as the breast ; it also has a 
purple moustache-like streak and the lengthened tail-feathers are 
metallic green. Tliis Suii-lhrd is common in the Plains of North- 
Eastern Bengal, Assam and Cachar, and is also found along the 
foot of the Himalayas, which it ascends to a considerable height. 
It is parasitized in Assam by the Emerald Cuckoo (CV/r^^ococc^a? 
maetdatus), and we have taken several of this Cuckoo s eggs from 
the nest of this Sun-bird. 

In their habil.s all the species are very similar, frequenting 
flowering trees and shrubs, extracting the nectar from the flowers 
with their long tubular tongues, either occasionally hovering on the 
wing or more frequently clinging to slender twigs. But, besides 
carrying out the poet’s dictum, 

“ For he on honey-dew hath fed,” 
these little birds variegate their diet with small insects, for catching 
which their long bills are admirably adapted, both mandibles being 
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serrated along the terminal third of their length. Small spiders, 
caterpillars, beetles, bugs and flies, probably in most cases tliemselves 
visitors to flowers, fall a prey to these birds. We have also seen 
the Purple Sun-bird picking insects from off the ground and also 
flying up and catching them on the wing. 

Besides being useful in helping to reduce the numerous insects 
which haunt our gardens, Sun-birds are also directly beneficial by 
h(‘lping to pollinate many flowers. Writing of A. zeylonica in 
(Ulcutta, Cunningham says that “ the curious narrow tubular 
flowers of Uamdia patens are ver}"^ special favourites, owing to 
the large store of nectar in tlieir lower ends ; and during the wliole 
time that' the shrubs are in flower they ar? sure to be alive with 
honey-suckers every morning. In tin's, and doubtless in- many 
other cases, they seem to ])lay a very important part in securing 
cross-fertilisation ; for, by the help of a field-glass, one can clearly 
see that every time their bills are withdrawn from one tube and 
thrust into another, they are thickly smeared with golden pollen ; and 
when flowers from which they have just been feeding are. examined, 
the long oval stigmas will be found coated with adhering grains. 
In rifling the flowers, thercfoi’e, they confer a benefit on the plant, 
and do not })lay the part, of mere robbers, like the great brown 
hornets, who share their liking for the nectar, but who, in order to 
reach it, drill holes through the corollas below the level at which the 
anthers lie. 

“ Curiously enough, they do not seem to care, for the fluid in 
the corollas of the silk-cotton trees, Avhich is so attractive to so nrany 
other kinds of birds that the trees, when in full bloom, become noisy 
ami riotous taverns tlrronged xAuth excited topers, 'fhe rmopened 
flowers of Hifnsous rosa-sinensis aie greatly frequented in the early 
morning on account of some attractive, material to be found 
at. the bases of the petols. Erythriiias are also very popular ; the 
clusters of their bright red flowers are very often alive with a throng 
of clinging and fluttering little thieves ; and an even more charming 
picture presents itself when the latter are busy among the deep 
green foliage and tufted crimson inflorescence of Haematocephala 
Hodgsmi” 
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In his volume, Some Indian Friends and Acquaintances, 
Cunningham gives a long and charmingly written account of the 
habits of A. zeylonica in Calcutta, from which we would willingly 
quote at further length, did space permit, and we can only advise our 
readers to refer to Chapter XI of his book. 

The Purple-rumped Sun-bird is the dominant species in Calcutta, 
but in Bihar our common species is the Purple Sun-bird, which is 
depicted in our plate. This is a leas sociable bird, more often seen 
alone and not in company mth otheis, as one secs A. zeylonica, but 
it is a much better songster than the latter, singing much like a 
canary. The cock bird In tlie breeding season is a truly gorgeous 
little creature, appearing a blue-black at a little distance ; but when 
seen at close quarters the colour is a metallic violet-blue or greenish, 
the colour changing according to the intensity and angle of the light 
on it so that it may appear shining blackish-purple or green or more 
often mauve. 

ceu nubibus arcus 

Mille iacit varios adverse sole colorcs.” 

Under the base of his wings he carriers a large tuft of mixed 
orange-red and yellow feathers, which is ordinarily concealed under 
the wings, but which projects when the bird is settled for repose 
and is displayed when courting. Like Imman bipeds, however, the 
Purple Sun-])ird does not wear his wedding garments throughout the 
year, for after the nesting season is over he tloffs them and assumes 
female plumage, retaining only a dark metallic violet streak from 
chin to abdomen as a mark of his sex, . It may be added that 
there is a certain amount of difference of o 2 )inion as to whether the 
purple plumage of the male is or is not retained throughout the 
year, Messrs. Oates and Dewar contending that, when once 
assumed, it never clianges ; but Finn, in an article in the Jourvud 
of the Asiatic Society of Bengal (Vol. LXVIJ, Part II, No. 1 ; 1898) 
settled this question, having noticed the cliange take place in a 
specimen wliich he kept, and which, when he got it, was mostly 
purple but by the first week of August was in non-breeding dress. 
We are inclined to agree with Finn as to the change. The female 
is greenish-brown above, rather bright yellow -below with the tail 
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brown or blackish and the laterals narrowly tipped witli white. The 
male especially is a most pugnacious little creature, not hesitoting 
to attack other birds much larger than himself, and sometimes even 
scrabbling and tapping at windows, apparently attempting to 
assault his own reflection in the glass. The breeding season in 
Bihar is from February to May, the earliest nest talcen being on 
26th February and the latest on 30th May, and there arc generally 
two or more broods in rapid succession, usually in the same nest. 
In Northern India, the laying season is later, iji May and June, or 
as late as July or even August. Itj Southern India, eggs are to be 
found from .Tatmary to .Tune, but mostly in February to April. It 
breeds all over the Plains and to the sxmmits of the Hills in 
Southern India and up to a height of alxnit .5,000 feet in the 
Himalayas. 

The nest is hung suspended from a twig or any convenient 
t',up;'ort. and is composed of a very misc-ellaneous and heterogeneous 
mixture of materials beautifully wov(‘n together with the silkiest 
libres and cobwebs, hair, fine grass, leaves, small pieces of dead wood, 
chips of bark, lichens, rags, scraps of papei-. thorns, etc., all being 
made use of. I’lie body of the nest is usually oval, witii various 
scraps of material hanging below, Avdiile the apex of the oval is 
produced into a cone meeting the point of support. 'Phe nest is lined 
with silky-white seed-down, very neatly aflixed b) the interior. The 
entrance is a sniJill oval or circular hole, about the c(>ntre of the nest, 
and in some cases, but not always, a small projecting coi-niee is 
constructed just above the entrance. On the side opposite to the 
entrance the wall of the nest, which is ready some days before the 
eggs are laid, is pushed out a little so as to give room for the tail of 
the sitting bird. This pushing out of the back of the nest is one of 
the last portions of the work, and the female may be seen going in 
and out to try the fit, over and over again. When sitting, the head 
of the bird is seen just peeping out of the entrance. The completed 
structure looks like anything but a nest and resembles a mass of 
dead leaves and rubbish caught in old spider’s web. 'fhe rows of 
sticks which support edible and sweet peas in our gardens form a 
very favourite nesting-site for this bird in North Khar, as these 
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sticks are in the ground during February and March, but the nest 
may be suspended almost anywliere, usually from the end of a branch 
of a bush or small tree, preferably a thorny one. It is usually 
placed between two and five feet from the ground but we have 
seen one as high up as forty feet. The nest shown in our plate, as 
will be seen, was hung on to a piece of wire netting. Suspended in 
this way it is tolerably safe from eneinies. Two is the normal 
number of eggs laid, but occasionally there may be three, the eggs 
measuring about 16 by ITS mm., being dull white marked with 
various shades of brown. 

Tliis bird, with othei’ Snn-birds, is protected throughout the 
whole year in Burma., Bombay and Bengal, and presumably in 
Mysore also, as it is certainly a " bird of song.'’ 

We liave kept a specimen of tJie Purple-rumped Sun-bird in 
captivity for six months, feeding it on a mixture of sugar and 
sattoo. 

Our plate gives a good idea of the Purple Sun-bird and its 
nest. To the left is seen a male in breeding 2)lumage with its tufts 
displayed ; the female is seen feeding a young bird whose beak 
is seen projecting from the nest ; and below her, to the right, is 
a male in non-breeding plumage. 



THE CO-OPERATIVE MOVEMENT AND 
POLITICS. 


BY 

R. R. EVVBANK, I.C'.S . 

Litle liegistrar, Co-operntive Societies, Boml/ay Presidency, 

Till’ lra(li<ioM£il jiolic y nf <‘o-<)])(‘nitive .societies in England 
liiiiS iilwiiys ]»ecii sfrn ( ix-ni ndity in polllicss. This tradition was 
a< ( epted in India .lu'intf 11 k' Oiirly veans >1 tlie nioveuient, and until 
reci.itlj' l)a.s not Iteon challenged. Jn 1915, the Coniinittoc on 
(‘o-opeiation advised that .soci(‘ties .sliould he prohibited from 
interfering actively in jioliticjd controversies, and .some local 
(h)vernments have given <'lTect to their recojnmendation by a formal 
rule under the ('o-()2)erative iSocieti'ss Act. This po’iey has not, 
however, been unanimously endorted by co-operators, some of whom 
maintain tliat the movement ought not to be isolated from the main 
stream of ])ublic life in India, and that the State cannot at the 
preset.! stage aiTord politically to ignore ii sy.stem which has 
etubraced and organizi'd so many of the best representatives of 
classes, which are otherwi.se still disorganized and inarticulate. It 
has been suggested that the inovemetit iis a whole should seek direct 
representation on the Legislative Councils, either by the reservation 
of special seats for co-tiperativc nominees or by devoting a 
portion of its funds and influence to the support of those candidates 
at the general elections avIio are pledged to sujiport its special 
interests. Suggestions have also been thrown out that the privilege 
of enfranchisement should be extended to all members of the 
managing committees of efficient .societies, or that certain societies of 
sufficient importance should be empowered to appoint delegates to 
vote on their behalf at the general elections. It has been urged 

( 127 ) 
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that co-operators should seek special representation on local bodies as 
well as on the Provincial and Imperial Councils. Opinion is deeply 
divided on these issues, and the leaders ol the movement are still 
groping for principles on which to base Iheir })oli( v and to formulate 
their aims. The question is one which during tin' last four years 
has profoundly stiiTed co-operator.s in England, and is at the present 
moment the cnix of a heated controversy amongst them. I have 
recently had opportunities of discussing it with prominent 
co-operators in Great Britain, and believe that their experiences in 
this matter cannot fail to be instructive to their fellow co-operators 
in India. 

ft was as far back as the sixties of the last century that English 
. perators fir. t burnt their fingers by meddling in politics. The 
Kin i ikde Equitable Pioneer Society began the trouble by actively 
-!M ; • ing the movement in fav'^our of the sufiVage for working men. 

1 ite ( >'1 rvative members re.sented this and started a rmd society 
working it; 'he same area. .4 third society vva.s founded by a gnmp 
of independents who rejected alliance with either j'olitical party. 
The split ran right tlirougii >ioith Lancashire, and nniri' than a 
dozen Conservativ^e and indejtendent societies were started. 
However, the local leaders soon realized tlie futility of such 
internecine strife and its inconsistency with co-operative principles. 
A truce was patched up ; most of the new societies were gradually 
absorbed by amalgamation ; and neutrality in politics was accepted 
as an axiom of the movement. 

The wisdom of this policy was not seriously challenged until 
Sir W. Maxwell, speaking as President of the Perth (.lo-operative 
Congress in 1897, restated the case for political action powerfully 
enough to induce the Congress to adopt unanimously the following 
resolution : — 

“ That this Congress feels that the time has arrived for the 
direct representation of the co-operative movement 
in Parliament and other councils of the United Kingdom, 
and instructs the Co-operative Union, with the co- 
operation of the English and Scottish wholesale societies, 
to take steps for that purpose.” , 
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repi'es(intation ; but tliey kept a keen eye on tho pWCBBulH^S 

of I’arliaineut, and wlienevei' the interests of the movement seemed 

to be threatened by any ParliaiiKUitary action, they bestirred 

themselves to interview Ministers and to ('anvass M. P.'s in favour 

of the co-operative point of view. 

It is not denied that they were often successful in influencing 
legislation and administrative action, l)ut it is generally believed 
that they would have exereisi'd far more influence on Parliament, 
if it had not been well known that 'he co-operative nioviinent, 
regarding itself as essentially non-noUt ical. wielded no weapoji in 
the form of a vote (‘ithei' inside <ii outside the House, and would 
tiot bite if its bark \\ei<‘ djMegarded. Its blank cartridges were no 
match for the powerful artillery of the ))rivate trading ititerests. 

At the Paisley ( 'o-opfwat ive Congress in 1!H)5. iMr. T. Tweddeil, 
J. P.. read a very striking paper advocating direct representation 
in Parliament. He maintfonec "that the interests, fie freedom, 
the very existence of t.ht movem<‘nl de]»en(l upon Parliamentary 
sajiction, and are ainenalde totlie intinence that Parliametit. wields ; 
that political action atfccts ns too clo.sely to j>ermit of its being 
disregarded ; that inditfereiK-e to political consideration is the 
surest Avay to invite attack and to court disaster ; that co-operation, 
itself one of the most hopeful forces that aim at social betterment, 
is imbued with democratic sentiment, is maintaining .sympathetic 
relationships with trades- uuioiusm and othei’ working class 
combinations, and cannot help beijig impelled in the direction of 
political action, for the defence of its interests and the pursuit of its 
ideals.” The deep irapressio)i that this able paper was calculated 
to make was maned by a weak conclusion. After exhorting his 
hearers to rise to a higher and truer conception of politics divorced 
from party and regarded simply as a science of Jiuman welfare, the 
reader ended by advising them to cease to be befooled by the 
existing political parties, to close their ranks as working men, and 
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to learn the blessed art of acting together, presumably in the bosom 
of the Labour Party. But the Congress resisted his logic and 
refused to commit itself to the enlire programme of any political 
party. 

The voices within the movement, advocating direct intervention 
in politics, were about this time strengtlieiied by a new cry raised 
from outside by certain Labour leaders. Tlie Labour Party felt the 
need of fortifying their position by an appeal to a wider circle than the 
small socialist and syndicalist element among the labouring classes, 
and invented a new slogan which sf)eedily became fashionable— 
“ The Fusion of Forces."’ This was the name under which a campaign 
was carried on to persuade the co-operative and trades-union 
organizations to join forces with the Labour Party and to share a 
common political platform, 'riicre is no room for doubt, that the idea 
appealed to many co-operators, and, as the struggle between capital 
and labour lias become more and more the central point of the 
political battle ground, round \vhich all jxilitical combinations tend 
to group themselves, a feeling has been growing that the movement 
cannot remain aloof from a struggle which concerns its first 
principles so vitally. It Avas with minds confused and shaken by 
these new currents of ideas that co-operators entered the great Avar, 
and were gradually led, by practical experience of the State control 
of the necessaries of life, to the conclusion that the great system of 
production and distribution Avhich they had so laboriously built up 
might be gravely imperilled, unless they took measures to compel 
the ncAV Ministers to admit that their claims to recognition and 
special treatment Avere at least equal to those of their competitors. 

Under the stress of Avar Government AA'cre compelled to introduce 
methods of rationing the chief necessaries of life on a national scale, 
and to improvise Ministries, Commissions, and Cormnittees to control 
their production and distribution. 'Hw fersonnel of these controlling 
bodies aa'ss recruited partly from the permanent Civil Service 
and partly from leading business firms Avith special experience of 
the various commodities which A\’ere brought under control. At 
the outset practically no managers or experts connected with the 
great co-operative factories or distributive stores Avere offered posts 
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in the new Ministries. In Germany and France, the service of such 
men liad been eagerly souglit by the Government departments 
concerned, and a suspicion inevitably sprang up that in Great 
Britain they were being deliberately excluded under the influence 
of the vested interests, wliii o had for some 3 'ears shown 0 ])en 
hostility to a moveanetit. wliicii in .917 included over 3l million 
members, and carrie ; on an annual retail trade amounting to more 
than £120,000,000. (.*o-( p'U-ativc societies listened with nii.sgivings 

to the clamour for a busine.ss Go\’ernment, and feared that it might 
end in entrenching the great cajiit.ilist interests more firiuh’ than 
ever in their hold on the aiiuini.strative departtnents of >State. 
Before long thev began to feel that their fears had been well- 
grounded. They maintain that the recruiting tribunals were 
influenced to deal more rigorously with the slafl's of co-operative 
shops than of private .shops, ot! the ground that they were not a 
ind'ornd necessity and paid no income-tax, and that in consequence 
of this several of their shops had to be closed down altogether. In 
one case a warrant was issued by a military officer direct ing a search 
of the premisc.s of the Co-operative Wholesale iSociety, although 
no other business house in tin* city was .similarly treated. The 
supjfly of sugar was confined by fhe controiliiig aullioiities to agencii s 
acting prior to 1914, and they were guaranlced connuission at. the 
j)rc-war rate, fl’his measure seemed designed to protect vested 
interests and prevented co-operative stores from being as u.seful 
to the public as they might have been. In some cases the suj>ply 
of flour furnished to outside coinpctitors was alleged to be better 
than that assigned to co-operative stores, wit h the result that their 
trade in flour almost disapjieiired. The supply of wheat to the 
Scottish Wholesale Society', which claims to be the biggest miller 
in Scotland, was so unsatisfactory that the miners decided to take 
an off-day as a protest against the quality of tlie bread. Similar 
grievances are jrientioned with regard to butter, coal, tea, seeds, 
petrol and shipping. 

The conviction spread that co-operative shops were being 
victimised in the interests of private traders, and this feeling was 
reinforced by fears regarding their liability to income-tax and excess 
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profits tax. Rumours had been set on foot that co-operative 
societies were undermining and ruining private trade onnng to their 
exemption from income-tax and were evading their fair share of the 
national burdens. Although Government showed no signs of 
yielding to this agitation, co-operators felt nervous and thought 
it advisable to protect themselves by organizing a counter-campaign. 
In the matter of the excess profits tax they had a real grievance. 
Although it had been officially admitted by the Exchequer that 
the dividends paid to their members by co-operative societies 
were in the nature not of profits but of discount or saving, 
Mr. McKenna brought co-operative societies within the operation of 
the excess profits duty, imposed under the Act of December 1915. 
The policy of treating a co-operative society, except in so far as it. 
dealt with non-members, in the same category as a war profiteer, 
roused great, resentment, and some of the larger societies actually 
defied Government and refused to pay the tax. 

With grievances like these rankling in their minds and with 
a sense, that the many great sacrifices which their societies had 
undoubtedly made in the cause, of the war were, not properly 
appreciated, co-operators met for thcii' annual Congress at Swansea 
in 1917, and decided that their complaints should be brought to the 
immediate notice of the Government, and that steps should be 
taken to secure the representation of co-oj)erators in Parliament. 
Acting on these resolutions, the Parliamentary Committee submitted 
to the Prime Minister their considered suggestions on food 
control, sugar distribution and the use of co-operative organizations 
by the State, and requested Jiim to receive a deputation. After 
some delay, they were infoimed by the Prime Minister's secretary 
that, owing to his many and pressing engagements, Mr. Lloyd 
George was quite unable at that time to arrange a meeting with the 
Parliamentary Committee of the Co-operative Congress. Co-opera- 
tors were not at the moment in a mood to accept a reply of this 
sort quietly, and it was decided to convene a Special Co-operative 
National Emergency Conference at Westminster in October 1917 
to consider what should be their next step. The proceedings of 
this Conference w'ere marked by unusual heat and bitterness. 
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Resolutions were passed recording indignation at the way in which 
the Prime Minister had treated British co-operator , and pledging 
themselves to organize ro tlie fullest extent their political power in 
order to compel tlie Government or he day to recognizt' their special 
economic position. 'I’i.e Coi fennice emiihalically protested against 
the persistent neglei ( of ('ov - 1 nm >nf to use t heir experience and 
resources for nati >iial purposes and 1o grant them adequate 
representation on the in administrative and advisory authorities 
that had been created. 1 1 recorded its conviction that tlie imposition 
of the excess profits duty upon co-operators was an absolute 
uegatioii of justii e and called tor its immediate repeal. Itnmintained 
that it was the intention of tlie Govxuninent again to inquire 
into the position of co-operative soeieti(>s with regard io iiicome-tax 
after tin' war, .md urged ali societies to pursue a campaign of 
opposition to tliih change with ilie utmost vigilance. It expressed 
it strong objection to the constitution of tJie tribunals under the 
Military Service Acts, and to the inadequate safeguards against the 
misuse of their powers. It approved a sclieme for bringing about 
closer unity between the co-operative and trades-union movements, 
and another scheme tor secuiing co-operative renresontation in 
Parliament and on local, municipal, and administrative bodies. 

Immediately after tJic holding of this C'onference, the Prime 
Minister found time to receive the proposed deputation, and in 
comnany with the Food Controller. Lord Rhondda, and the 
Ut. Hon. George Barnes, M.P., gave a very sympathetic hearing to 
the grievances which they put forward. He brushed aside many of 
their suspicions of sinister motives on the part of Government as 
mere halliK'inations, and recapitulated the measures which had 
been taken to secure that representatives of co-operative societies 
should be placed on the various committees of control. He stated 
definitely that Government had no intention of bringing co- 
operative societies under the Income Tax Act, and explained that 
the excess profits tax, as originally imposed, had recently been 
modified so as to meet the complaints of co-operators. From the 
date of that interview onwards the grievances of co-operative societies 
against the various controls seem to have gradually subsided. 
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But their determination to seek direct representation in 
Parliament remained unaltered. At the General Election of 
December 1918, 10 co-operative candidates stood for election. 
Oidy one of these, Mr. A. E. Waterson of Kettering, a local Labour 
politician, was actually returned. His platform was much the same 
as that of the official Labour Party ; b;it the following paragraphs 
in bis manifesto refer specially to co-operation : — 

“ 1. To safeguard effectually tbe interests of voluntary 
co-oper.it ion, to resist any legislative or administrative inequality 
which would hamper its progress.” 

“ 2. 'Phat eventually the processes of production, distribution 
and exchange (including the land) shall be organized on co-operative 
lines in the interests of the whole community.” 

“ .3. That the profiteering of })riv'ate speculators and 
the trading ccmuminity shall Ite eliminated by legislative or 
administrative aedion,” 

“ 4. 1’liat in order to facilitate the develoimient of trade, 
conmierce, and manufacture after the war, the Government shall 
establish a national credit bank to assist local authorities, 
co-operative societies, and others to finance their new undertakings 
as required.” 

Mr. H. J. May, the w'ell-known Secretary of the Parliamentary 
Committee and himself one of the defeated candidates, explained to 
me that while members elected on the co-operative ticket were not 
definitely committed to any party and were willing to enter into 
any combination which would best serve their purposes, it might be 
assumed that they would normally work iii the closest harmony 
with the Labour Party. 

Whether this venture into tlic political arena will be permanently 
maintained by co-operators remains to be seen. Much will 
probably depend on the issue of the next polls and on t he success or 
failure in the House of their earliest representatives. A strong 
party withm the movement, led by Mr. E. 0. Greening, one of the 
most respected members of the C'o-operative Union, ar(* strongly 
opposed to the departure. They know' how few members usually 
take the trouble to attend annual general meetings (e.g., only about 
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300 came to the last general meeting of the Woolwich Arsenal 
Society which comprises more tli.in 80,000 members), and how ea'>y 
it is for enthusiastic extremists iu arm themselves with bundles of 
proxies and io carry all befoi- them. They already see signs of 
reaction and point to the fat' /hicli has overtaken the Managing 
Committees of the great Slieijield aiid Plymouth Societies, who 
dabbled too freely in politic to please the members ai.d have 
recently failed to s(‘cure re-election. They note that the numbers 
of societies contributing funds to tlu political campaign was less 
in 1919 than in 1918. Is'ow that the fricti n and inconvenience 
caused by the various war eontrols have disappeared, they gravely 
doubt whether co-operauus as a Ix.dy will think it wise to persist 
in a policy into which they weie sian.peded iti a fit of exasperation. 
In the long run tlicse s> cjttics "la » prove right ; out my own forecast, 
based on conversai ion rvitl lu h ( '‘-oiscratoi’S as T have n;et and on 
the arth-Ies appearing wi the co-'.oerative joimials. is that the 
trend <d’ ojiijiion is on the whole in lavoiir of tJie new ])olicy, and 
that it will not be abandoned until it has been given a full trial. 

j’he hist point in this history of events, which may be 
commended to the notice of Indian co-operators, is the persistence 
with which the policy of neutrality nas maintained in spite of the 
blandishments of both the Liberal and Labour Parties throughout 
two generations, and the reluctance Avilh Avhich it was finally 
deserted. Co-operators in Clreat Britain hav’e never held tliat they 
should iiot proclaim their views and exert their influence on individual 
political questions. The 'Sugar Convention, the land system, the 
Factory Acts, the fiscal question, and education have frequently been 
discussed at their confei ences with vigour and vehemence. But they 
have always considered that their movement was commercial, social 
and moral, but essentially not political, and that there were large 
regions of politics, e.g., foreign, naval and military politics, Avith 
Avhich they had no direct concern. To attempt to link their 
organization to any political party or to adopt a corporate policy 
regarding the gieat national issues, in which co-operators as such Avere 
not directly interested, seemed to them certain to lead to dissension 
and to make for the disruption of a movement which was founded 
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Thov ueie iin.ii'].' t" .'.liHit til.' jiisfi.-.' ..f iitiliziiif: finals wliici, 

l,cc,] ,,‘!!rrit;I lot .l.'lliii!- < «' ••{•.•niiiv.' |.m}...Hcs. in fun:. ., 11 ,. 

pniincil "i'l‘ •> we'i« i»/» 

j„* ^vli.t..i!!l\. Tl"'''' .I'niriition uas iluii nit*rulHn«, who 

l,,ino Vlu'u inrir,,'!..,' 1.. I..m> *•( general poUUam 

do so in ilu'ir r.pa.iu- as j-rivat.' .itizens ati.l electl.rs 8na%0|| 


('(^-oporators. 

Till' ii.'xt point to noli..' is iliai tlioy ..nly ahandoned theii 
traditi.inal poln \ nnWoi fl><‘ sMioiihis nf rotu rele disahilifies wiiiVl 
wre li.nHliVajipioff ifmii I'lit^in'-s." and whieh tliey helievec 
thciiiselvos uiia'l.l.' to lemt'dy uirliout direit jHiIitieal pressure 
They Mere not seeking any prefereiiti.il treatment for themselves. 
But they in-si-sr.-d that they «eie entitled to eoinditv of treatment 
with oilier tiading ageneie.». aii.l they siispeeted that under a 
demoerat/o (fovernnient. M liioh is ahvays more or less sinsceptihle to 
pressure from ntiisido. they uec' l«'ing roverfJy atfaeked /ly hosti/e 
interests plotlingto undcriuine tlieirprosjierity. 7 heyvlfiiin to hnve 
^oneJn1oj)oUtics})ot tiSH Jnotisinv of attai k in order to gain fnrthei 
ndviintiigcs for t hemsrJvrn or to innke fheni.so/ic.s frit ond frmvd 
on a larger scale. Imt un n tmuiHurr of dririicr nanin^t an iiisidioiin 
attacl': originated by tbeiv enemies. 

Lastly, it may bc' observed that e<)-o]>evatovs bavo eoncenl rated 
their efforts on seeuriTig political poner by means of direct 
representation in 7'arlianieiit. and that they are jiractically agreed 
tliat their representatives sliould v.)te and act witli the Jjabour 
Party. The corresponding action in India Mould be the return of 
co-operative candidates by general district constituencies, since the 
prospect of Government reserving special seats in tlie Councils for 
co-operators is exceedingly remot e. In Great Britain co-operation 
has developed as a great consumers’ movement, and is composed 
mainly of industrial employees who have united in oi'dcr to cJieapen 
the necessaries of life and make tlieir wages go further. It 
comprises for the most part a single class with more or less uniform 
political ideals. Their congresses consist only of delegates of this 
class, and no longer find room for individual' sympathisers from the 
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The question whether co-operators should take part in 'politics 
lias been treated in this paper as a co-operataVe and not as a politicsl 
problem. If (Government, in lack of anj'^ other constituency 
representing the labouring classes, were to invite co-operators as 
such to accept some form of enfr incliisement, that would create mi 
entirely new situation. Ibit as matters stand at present, the 
British example seems to teach that co-op- rators should hesitate to 
abandon political neutrality until they are driven to it by definite 
grievances arising from jiolitical or administrative action, and until 
they are sure that the representations submitted by them to the 
proper authorities are not being dealt with on their merits. 

In Tmlia societies occupy at present a distinctly privileged 
position under tJie special protection of Government. They have 
much to lose and it behoves them to tread debcately. At the 
31 me time on particular political questions, especially those in which 
tlieir own interests are directly affected, it seems clear that they have 
a right to make tliemselves heard and that their views might be of 
great value both to Government and the public. It would 
})robably be inadvisable, for the sake of securing their general 
neutrality on the wider issues of party politics, to debar individual 
societies, or any organization capable of representing the movement 
as a whole, from discussing such questions and placing their 
considered conclusions before Government, the Legislative 
Councils, or the public. 
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THE IMPROVEMENT OF AGRICULTURE 
IN BIHAR. 

BT 

A. C. DOBBS, B.A., 

Director oj Agriculture, Bihar and Orissa. 

Having been asked to contribute a paper to this Conference, 
I should like to advocate the study of agriculture by Bihari students, 
when their more academic studies are over, not necessarily as a 
profession, but at any rate as a subject about which it is essential 
that the educated youth ot Bihar, on wliose judgment as volers so 
much responsibility will shortly be thrown, should thiiik deeply in 
proportion to its importance. 

On that importance it is hardly necessary to insist. It has 
been brought home to us all by tlie increased j)rice.s of food grains 
and of cotton cloth, duo partly to tlie extensive failure of crops in 
1918, and partly to the exposure by the realities of war of the 
artificial nature of the value attached to the precious metals in 
which contracts other than those relating to agriculture are usually 
discharged. The rupee docs not buy half as mucli as it did, and 
the agriculturist whose income is not ineasured iji rupees has 
some compensation for an occasional crop failure. 

I hope, therefore, to be ablt! to enlist the interest of at least 
some of those present who no doubt intend to be Bachelors and 
Masters of Arts, in tliis aspect of agricultui'e — ^as an art which every 
educated man who draws income from land should study. 

Agriculture is indeed one of the oldest of the arts, and, if we 
extend the meaning of the word to include the whole art of reaping 
Nature’s harvest of food, it is the oldest art of all. 


♦ A jmper read at tbe Fifteenth Bihari Studenib’ Conference licld in October 1920, 
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And in this fact lies the explanation of one of the niost 
disconcerting and difficult problems with which (hf)se who try to 
improve agriculture are faced. For, being based on an inherited 
tradition, almost amounting to instinct, of the uses of the natural 
resources of each locality for the production of food, and on a 
compelling interest in the bare maintenance of life, the art of merely 
producing food can be carried on with the minimum of material 
equipment and with the greatest possible economy by an 
indigenous agricultural population on tbe borderline of starvation. 
.An outsider attempting to grow the same products with hired 
labour is not competing on equal terms, and almost invariably fails 
to make agriculture pay. Tie has a less intimate knowledge of the 
plants and animals that he is dealing with and of the effects of soil 
and climate on them, and the labourers he employs have no direct 
interc.st in the rcsvdts of their labour; they will, in fact, where land 
is plentiful, commonly work for hire only after finishing the necessary 
minimum of work on fJieir own land. 

In a country of labouring cultivators we are, therefore, confronted 
with the initial problem that the greater the skill of the cultivator 
and the better his practice in the matter of using good seed, manure 
and implements, the more difficult it is to make agriculrure pay for 
the application of outside intelligence, and the more immediately 
costly l)ec.omes any indulgence of the natiual desire of many educated 
men to “ take up ” agriculture. It is only by the introduction of 
new factors heyoird the scope of the labouring cultivator that an 
outsider can hope to imke agricidture pay; and to do this on the 
scale necessary to make what an educated man considers a decent 
living involves the ihsk of a considerable ainount of capital. 

The work of agricultural improvement, therefore, falls into two 
distinct and almost opposed branches : firstly, the discovery of more 
economical seeds, manures, and implements for the man who works 
on Ids own land — ■which may be called purely philanthropic work ; 
and, secondly, the elaboration of profitable S3'^stems of utilizing any 
pecidiar local advantages, by the introduction of new factors beyond 
the control of the labouring cidtivator. And while the Agricultural 
Department’s work has been chiefly along the former line, it is the 
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iatter to whicli T wisli to diroot the partioular att<^ution of Biliari 

from the few retired hiishtesa men who take up agriculture 
„ a huhf.y. -md are unlikely to make it pay unless they can find 
M^-e eKi'tmu model to copy, it may, 1 think. Ire assumed that most 
of rhe edit- It'd men wlm are interested in agriculture, among whom 
2 hope maii\- of those at this Conference may be induded ' 
will /re. lantfowners on a larger or uniiiller sCjUe, who || 
iueoine from land, and possibly some outside capital 3ie'- < > ww |j 
of this income, or capital is the most obvious outside factor uduch, if, 
but only if, skilfully used, on a carefully planned and tested system, 
should enable any of yon to improve the agricuJtiire of your locality. 

Instances of such systems of agi-ieulfural improvement by 
judicious expenditure will occur to all of you. Perhaps, the most 
important, at any rate in South Bihar, is the system of ‘pines ’ and 
‘ a/iars ’ by which enormous areas are protected against the effect 
of a shortage of rain at this season. The reward of such permanent 
capital improvements is, howeve)‘. for the most part reaped in the 
form of increased rent ; I can think of no improvement in system, 
introduced by Bihari landowners, which produces increased profits 
on working capital, — as, for instance, the use of larger bullocks with 
suitable implements, such as are used on Government farms, wliich 
enables a man to do two or three times as much work in a day ivithout 
necessarily increasing Ms wages. The breeding of larger cattle and 
the use of larger implements is one of the directions in which a 
solution may be sought of the problem of making agriculture pay 
for increased attention on the part of educated men. There are 
many others, but they all have tMs in common, that it requires a 
considerable amount of initial experimental work based on a 
knowledge of the local conditions to develop a new system to the 
point at which it cau be profitably adopted on a large scale. 

On the other hand, the ultimate profit may be very great. The 
Agricultural Department has, for instance, shown that it is possible, 
by a combination of drainage in the monsoon with the ordinary 
irrigation of sugarcane at other seasons, to produce 6,400 lb. of 
per acre, on a large scale at comparatively little more expense 



though unfortunately unal)\e at prescut, * 
suspension of its worlc during tJie war, to give very much prdctlta 
assistan(5C, can always make suggestions for experiments which, if 
not always successful under new conditions, will at any rate prove 
intex('SLing and instructive ; and which may point the way to simple 
improvements adapted to the locality, which can ))e worked out 
on a small scale at conipa?'afiA'ely small cost, and the adoption of 
which on a large scale may bring copious .eward for the small amount 
of drudgery incidental to what is afte.' all, to those who love the ever 
changitig face of Nature, a most interesting and fastiinating study. 

ff then any of those Biliaris, who may, perhaps hitherto, have 
regardei themselves as only temporarily students, ai‘c prepared to 
continue their studies on their own land at home, f hope they vnll 
get into touch with the Agricultural Department which is always 
prepared to help, to the best of its ability, those who arc actually 
superintending the cultivation of their own land. 



A NEW SOIL SAMPLER. 


BY 

13. 11. AVILSDON, B.A. (Oxon.), 

Agriculluial Chcumt lo Govern tticul, Punjab ; 

AND 

MUKAND LAL MEHTA, L.Ag., 

Asmistanl lo Agricultural Chemist to Governmrnf, Punjab, 

For the analysis of soil and the investigation of its moisture 
content, one of the greatest difficulties is to obtain a truly 
representative sample of the soil under investigation. A great 
variety of instruments has been described and some are in the market. 
The success which lias been met with in a type which has been 
evolved at l^yallpur (Plate X), mainly with the object of taking 
deep samples for moisture investigations, together with the fac5t 
that it can be easily made by any intelligent mistri, leads us to 
give a description of it in the hope that it Avijl prove useful to 
other workers. The main advantages which have been gained by 
the use of tliis instrument are — 

(1) the rapidity of working, 

(2) ease by which sampling niay be pushed to a depth of 

as great as 12 feet, 

(3) tlie fact that it is equally efficient in light sandy soil 

and the hardest clays, and 

(4) the fact that no heating of the soil sample, due to grinding, 

takes jilace, which would cause an error in moisture 
determinations. 

The drawings reproduced in Plates XI and XII will make any 
lengthy description of the instrument unnecessary. The auger can, 
of course, be made of any suitable size, preferably of steel. At the 

( 112 ), 




A NEW SOIL SAMELEK. 








A NEW SOIL SAMPLER 


143 


mouth of the auger, a blade is placed in an oblique position which 
slightly projects beyond the diameter of the* tube. The blade is 
removable and can consequently be sharpened. The advisability 
of allowing a slight projection of the cutting knife has been found 
in the fact that the hole so cut being larger than the diameter of 
the tube presents no difficulties in reinserting the auger after 
removing the sample. A slot is cut in the side of the tube, and 
this allows of the removal of a heavy soil by means of a spatula. 

Fig. 1 on Plate XII shows a weight whic.h can be placed at 
the t p of the boring rod when diiliculty is experienced in 
driving an auger through ;i very hard .soil. If may be mentioned 
that it is very infreqnenfly ami only at e(nei lerablc depths, that 
there is anv Jiece.s.sity to ii.se tliis aMaclui’ .iit. 

Plate XII, fig. 2 sho\.s JtWails of .t board wliich has been found 
adv ible to use in (leep borin!>s |!ie objee* of ' lich is to keep 
the direction truly vertical. The boiird is pegged dowji to the soil by 
four large iron peg.s ; by means of .sliding .shutters, the boring rod 
is enclosed by a bearing coll.ir which will keep the rod perfectly 
straight. 

With this instrument for .ordinajy surface sampling, t.c., 1st 
and 2nd 9 inches of the soil, it is an ea.sy matter to take as many 
as 25(t samples in dry soil spianid over an ''reti of 25 acres in a working 
day of eight hours with only a pair of labourers. This is a 
ti'emendous ijuprovement on the perlorniancc which can be got with 
tlic borer described by Jjeatlier (jl/enm/r*' of thi' DepotitHeul of 
AgricAiiturc in India, Chemical Senes, A ol. I, Nos. 6 and 10), which is 
still in use in many parts of India. As an example of work under 
the most difficult conditions, it may be mentioned that it was found 
possible to sample to a deptli of 1 1 lect in six separate places in the 
very hard soil met with at tlie Ganji Bar Fxperimental (Station and 
spaced over an area of more than a square mile. This was done 
with the help of four labourers in an eight-hour day. The most 
unintelligent labourer can be trained to use the instrument in a 
space of about half an hour. 

In connection with the work on the movement of soil moisture 
which is being conducted at Lyallpur, it has been found that the 
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experimental error involved in moisture determinations of samples 
derived from verticarborings is very considerable. A method has 
consequently been perfected by which horizontal samples are taken 
from an observation well. The observation well is cheaply 
constructed by lining a katcha well with a trellis of bamboo which 
is kept in place by wooden braces. For the purpose of taking 
samples, the sampling tool was somewhat modified. 

Fig. 3 on Plate XI shows the cutting tool. It is composed of 
a steel tube on which is rivetted a knife edge bent into the shape 
of a V. The tube can be fitted on to the socket by means of a 
slot and pin attachment, and is securely locked in place by means 
of a spring. The tool is then afi&xed by means of a conical thread 
to a ratchet drill which is placed diagonally across the well. By this 
means it is possible to take samples every 6 inches to a distance 
of 6 feet from the side of the well in the space of about three 
hours. After a distance of about a foot and a half, it is found 
that the moisture content of the samples becomes constant to within 
about 2”5 per cent, on the total moisture content. The following 
table shows the actual results obtained in one such boring which 
was made in a direction parallel to an irrigation channel and at a 
distance of about 8 feet from it. The error involved includes 
errors due to lack of uniformity in the soil and irregularity in the 
cross-section of the channel. 

Depth Moisture content Doialion from mean 

.. .. .. .. 11*70 . .. 

.. .. .. .. 1202 


rOM'cr .. .. .. .. 12-22 o ;n 

r tt^-2' 0^ .. .. .. .. 12-08 0*45 

2' 0''-2' 0' .. .. .. .. 1217 0 ;{0 

2' 0^-3' O'' .. . .. .. 12-38 0 15 

3' .. .. 12*45 0-08 

3' 6'-^' 0" .. 13 04 0-51 

4' 0" .. .. .. .. 12-27 0*26 

4' 0' .. .. .. .. 12-07 0-14 

5' 0^ .. .. .. .. 12-87 0-34 

5' O'-O' U" . . . . . . 13-14 0*61 


Mean .. 12-53 l)-321 


Variation per cent. . 
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This method, therefore, allows of an accurate determination of 
the moisture content of the soil in a horizontal stratum at any depth 
which can be attained by the observation well. The cost of the 
ordinary borer first described is not more than Its. 25, The weight 
of the borer excluding the weight, which is only seldom used for 
deep borings, is only 12 J seers. 



EXPERIMENTS WITH CASTOR SEED CONDUCTED 

AT SABOUR. 

BY 

('. SOMEUS TAYL()J{, K.A., 

Aqrirulturdl Chrmist, Bihar and Orissa. 

Tjik import of all oils has Iwcn greatly emphasized during 
the late war. Of all vegetable oils castor oil is perhaps the one the 
demand for which is most likely to increase. Originally used as an 
]llumina7it in fhe days before the. introduction of the mineral oils, 
its use has now completely changed to that of one of the nxost 
valuable lubricants known. Attempts have therefore been made 
to deternvme wlictVtct by ebenucal selection it is j)ossil)le to improve 
tace ol castor itom tbe point oi view ot its oil-yieMing 
propertied. 

'Vbe nv.uu dWYuviby \n \W. way id such a selection appeared to 
\\e \u \W tact t\\at \\\e custov plant, with Us separate male and 
\env.x\e Wunm'Vs. was vn\vv\\ nw>ve Wkely to \>e sutiject to evoss- 
Icrfili^'.iilioM (h;ui a plant whose llowers were liermaplirodite. In 
cotiscqiivncc ilir invoslif'iition. nhhoiifrh it limi tipponkni to tho writev 
for man y yearn, was loft alone, an being probably of only academic 
value. In 1918, however, an article appeared in the Journal of 
Heredity (Vol, IX (1918), p. 198) in which it was stated that, 
contrary to expectation, castor plants grown in America had not 
been found veiy subject to cross-fertilization. In consequen(;e an 
attempt was made to survey the different types obtained from 
various parts of Bihar. A number of ly})es were .sent in by 
different district inspectors, and were examin(*(l for oil-(;ontcrit 
in the writer’s laboratory after drying. Remarkable differences in 
oil-content on seed were observed from these different types, of 
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which 75 were isolated from seed characters, hy courtesy of the 
Assistant Economic Botanist, Mr. A. (!. Ghosh. This oil-content, 
as estimated by ether extraction, varied from as low as 21 *8 per cent, 
to as high as 58'8 per cent, on the whole seed. Such diflerences 
appeared very striking, ajid selections were made and planted of 
seeds of very low and of very high oil-content. Of the ‘ low ’ 
collections, no type had an oil-content of more than 40 per cent, and 
the average of 14 selections was 32'!) per cent, oil on seed. Of the 
‘ high ’ collections, no type contained under 50 per cent, of oil aiid 
the average oil-content of 13 selections was 52‘8 per cent. 'J^hese 
types on growirvg were found to be ver) impure. Tliis was only 
to be expected as the crops have never been grown with any attempt 
to keep different varieties separate. It was, how’cvcr. to be 
expected that the first generations of plants from seed with oil- 
content as widely varying as the above would also, on the average, 
si; w very large divergences which, even if they were less than 
those of their parents, would still be very large. Of these selections 
onlvl2 of each kind, ‘ high ’ and ’ low.’ actiiallvgrew, whilst actiialJv 
the average oil-content of the seed of plants from " high ' seed was 
49'3 jier cent-,, and that of seed from ‘ low ’ seed was JO'O per cent 
Results such as these could not he expected to have occurred as a, 
result of cross-fertilizatloi], nor to have been due to mixed varieties, 
and it was assumed that the great diff'eiences. originally observed 
HI oil i-outeni iji the seed of these varii'fies. may have heeji observed 
oning to the <iiffcreiit conditions under wiiicJi the plants wen* 
grown. At. any rate it is obvious that selection of seeds 
at random from different loealities, in whveVv the seed hwve 
been grown under very difterent eonditvom, is not \iihe\y \ie et 
much use. 

Eresh selections were therefore made from the highest and 
lowest- yiohleis of the lt)l‘.t crop. In this evop, the plots of which 
W'cre growni under uniform conditions at Sabour, the differenecs 
between high and low yielders were not so great. Fifteen parents of 
low' oil-(;onteJit w'ere taken and twenty of Jiigh oil-content. Of the 
descendants of the fifteen • low ' plants only 10 plots showed good 
growth. It would therefore be better to consider only these ten. 
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as it is possible that the state of gnnvtli of the plant' may have an 
effect on the oil-content of the seed. Nine of the twenty high 
plots should probably also be eliminated, as they were badly affecded 
by insect attack, and, in consequence, the flowers and seed were 
probably abnormal. In fact, the amount of .seed produced was very 
small, and in every case showed an oil-content below the average. 
The mean of the 11 good plots was 4n'() per cent, for descendants of 
parents whose mean was 54*2 per cent, 'riie mean of the 10 well 
grown ‘ low ’ plots was 48‘G per ceiit. frc^m pajents whose mean 
was 42‘5 per cent. 

These I'esidts were found to differ very little from those obtained 
by taking the mean of all the idots, whether well or ill grown. In 
this case the mean of the 20 ' high ’ parents was .54’8 per i-ent. and 
of their descendants 47‘8 })er cent, l^he mean of the 15 ‘ low ’ 
parents was 44‘1 per cent, and of their dest endants 47‘3 per cent. 
There appear, therefore, to be strong indications that in the majority 
of cases the j)lants do not ti’ansinit a high or low oil-content for even 
one generation, but that both ‘high’ and 'low ’ seeds give plants 
which, in nearly every case, give a seed iieai' the mean oil-content, 
which lies somewhere close to 40 ])er cent, when the plants are 
healthy, and a little lower when the reverse is the case. It will be 
seen moreover that the inclusion of the unhealthy })lots lias in each 
case, as was to be c.xpectcd. lowered the mean oil-content of seed 
observed. Out of the whole series, however, two appear to have 
kept pure as regards high oil-content for more than one generation. 
This will be shown by the following table : — ■ 


Plot 

No. 1 

Original 

analysis 

1 st generation 

2nd generation 

Weight of seed 
in ounces 

26/19 

61*9 

52*4 

3 distinct varieties 




green 

each high in oil — 





Green .. 50 0 

28 




Purple A . . .'iO'4 

10 




„ B .. 61-3 

i 

34/19 

1 

58*8 

57 0 

Two distinct varieties — 




dull purple 

Puijile A .. 52*8 

Thirplish 

15 




green 15 . . 62 *8 

» 

22i 
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In addition, a plot lias been observed which shows a splitting* 
up into different varieties which differ in oil-yielding as well as in 
ordinary botanical characters. This is shown })y the following 
table 


Plot i Orimiiiil 

No. ! .'inalxHis 


I si geiicm1i(>n 2n(l goiicialioii 


I 

' VWight of scfd in 
i ounces 


To/ll) I ot-T r>4*ll 

grct'ii 


distinct variolios - 
(.Jrcen A .. ."»! *S 4 

„ H .. fiO-li 12 

Purjdt* A . . 41>d> 

i: .. r.o ) ' J 


It will be noted that in this last instance the low'-yielding 
variety is only present in very small quantity, and may possjbly be 
due to a first cross as the original parent was green. Observations 
on these three varieties will be continued. 

Th(5 method used in tliese analyses was that of extraction of the 
dried seed with ether. This method, naturally, shows a higher 
pcrcentiige of oil than could possibly be obtained by the oil-presses 
used ill this country. The results, however, m.ay be taken to give a 
good comparison bet ween different' varii'ties, and give a good idea of 
what could be obtained commercially by the modern method of 
extraction by solvents such as petroleum ether or carbon tetrachloride. 
Inhere were great practical difficulties in the way of extraction of more 
than a small quantity of seed, and in consequence it is necessary 
to examine how such a small sample will indicate the composition 
of the main bulk. For this purpose a number of samples of 
seed obtained from botanically pure, or nearly pure, varieties of 
bhadoi castor were kindly placed at my disposal by Mr. A. C. Ghosh, 
Assistant Economic Botanist. The analysis of 15 samples from a 
bulk collection of one variety showed last year a standard deviation, 
from the mean, of ± r04 per cent., the mean being 49‘5 per cent. 
Other analyses have been made this year, taking selections from 
plant to plant in each of these fairly pure varieties, and such 
analyses in each case show a standard deviation, from the mean of the 
series, of about ± rs per cent., th emean varying from 47'6per cent, 
in the lowest case to 50*9 per cent, in the highest. From these 
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observations we may calculate that the probable error in the oil 
determination of a single sample of any one variety will be about 
ro per cent, of the weight of the seed. This is the case when the 
crop is fairly evenly grown, and when the seeds appear to be properly 
filled out. (Greater variations have l)cen found to occur in a 
crop of seed which does not appear to be fully developed. As an 
example of fhe differences in magnitude of the variafions which 
occur in a pure crop whic.h is grown under different conditions, we 
may take a castor which was selected both for field characters and 
oil-content in 1918. This variety was isolated among others at 
Sabour by the Professor of Agriculture, Mr. S. N. Sil, and was finally 
selected as the result of analysis in the wrifer’s laboratory. The 
original analysis of fhis variety, known as pa^Ji/ca, showed an oil- 
contetd on whole .seed of 52'1 per cent, in 1918. The variety has 
been confinued in 1919 and on to this season. A single anfilysis 
was done on this variety sown both hi the rahl and bJmdoi seasons. 
Tlio hhadoi sainple, wliich gave better developed seeds than the 
rahi grown plant., sliowed an oil-content of 56'2 per cent , of oil on 
seed, and the rahi sample showed 5.3’() per cent. The variety 
therefore appeared to be keeping up its reputation for high oil yield, 
and in consequence tcTi samples were analysed of the seed grown 
in the rahi and hhadoi seasons, respectively. 'Fhe rahi grown crop 
showed a mean of 52‘3 per cent, with a standard deviation of -l- 
2‘0 per cent., while the W/udot grown crop showed an extraordinary 
evenness in the samples. The mean of the ten samples of this latter 
was 5f'4 per cent, and the standard deviation only 0'7 per cent. 
As has been already mentioned, the hhadoi sown seeds gave a far 
better developed crop of seed than those sown in the rahi season, 
and it is probable, from the large standard deviatimi observed in the 
latter, that the effect of different conditions of growth may be 
strongly marked in the seed ol)tained from each plant. Kcference 
has already been made above to the po.ssil)ility of this phenomenon, 
and this result would appear to confirm this reasonable expectation. 
It would, moreover, e.lmost appear from the above results that 
variations iii agricultural treatment may possibly have more effect 
on the oil-yield of the crop than actual chemical selection. As the 
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result, therefore, of a cousiderable amount of work, a few varieties 
Lave been selected which appear to be richer in oil than others, and 
which maintain a mean oil-content greater than 49*5 per cent, which 
may be taken as the mean of all the types tested here. The 
improvement, however, is not as marked as was hoped, the greatest 
improvement observed above the general mean this year being 
just under 6 per cent, in the case of the hhadoi pachka, while the 
rahi pachka only showed an improvement of about 3 pei’ cent. 



A NOTE ON THE IMPORTANCE OF THE GENUS 
“HABRONEMA” AS AN ECONOMIC FACTOR 
AMONGST THE EQUID^ OF THE 
PUNJAB AND THE NORTH- 
WEST FRONTIER 
PROVINCE. 

BY 

E. SEWELL, M.C., M.R.C.V.S., 

Post Graduale Projessor, Punjab) Velerinary College, 

In Fleming’s translation of Neumann’s Parasitology, 
“Spiropteia” or, to give them their more modem name, 
“Habroneraa” are stated to have slight, if any, pathogenic 
significance. Anyone who has had experience of the condition and 
has seen the large suppurating tumours produced by H. Megastoma 
in the pyloric region of the stomach, and the occasional ulceration, 
inflammation and congestion caused by //. Muscw and 
H. Microstoma in the cardiac portions of that organ, knows 
that this statement is utterly at variance with the facts of the 
case. 

This disease in recent years has received a certain amount of 
attention in Australia and America, and is rightly blamed as being 
the cause of much loss in both countries. 

During the past year the writer has had many opportunities 
of examining the stomachs of horses’ and mules which have been 
destroyed for chronic debility from various Stations and Remount 
Depots in the Punjab and the North-West Frontier Province. 

In every case the stomach was the seat of serious lesions due to 
the ravages of one or all species of the Hahromma. 
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In one case the writer was asked to give his opinion as to the 
persistent debility shown by a bateh of fifty Til)etan mules. The 
K. A. V. C. authorities concerned kindly placed several old 
debilitated cases at his disposal. Post-mortems proved that in 
every case the condition was diu' to Habronemiasis. 

The condition may be recognized by the tumours of various 
sizes in tlie case of H. Megaaimm. and by the large numbers of tiny 
thread-like wojnis lying on the miicons membrane of the cardiac 
portion of the stomach in the ca.s<> of //. .l/a-swand ThMierosioma. 

These are inoie fasiiy s<H*n if the m.,e8ta is removed from the 
stojuacli and the organ placed in a ve.ssel of water, when the parasites 
cun be /eadi/v seen linntine ( /irotighoiif the liquid. 

TJie life-history of the pa/asites lias been worked nut hr 'BnU. 
Van Macegliam and others, atid is biieflv as follows; 

The eggs j)rodnc(*d by the female Habronetna pass out in the 
f. -es and are ingested by the lly maggot. These eventually make 
their way to the thora.v and proboscis of the mature fly. and it is 
snppt)8e(l that the horse, by ingest ittg itjfccted flies either in his 
food or drinking water, infects himself, and thus comjdetes the cycle. 
II . Mdsca' and II. have .is their intin'mediatr* host the 

common house fly (lowest lea, whilst H. Microstotna 

ilevolops in the stable’ fly St(fwnaffs irritam. 

The fly can only become itifected as a larva, not as a nymph. 

The adult II. Megasfowo is found enclosed in tumours and seems 
for preference to sc’lect as a site* the jiyloric portion of the stomach 
although the lesions may be found in any part of the organ. 

These tumours are generally eonieal in shape and vary in size 
from that of a small pea to that of a hen’s egg. The tumour is 
usually fidl of hard inspissated pus. and a number of worms can 
generally lx* seen protruding from a small opening at the apex of 
the cone and waving in the’ limien of the stonuwdi. In some cases 
there is no opening. It can n’adily be understood that the portion 
of the stomach thus affected (’eases to function. This species is 
the most harmful of the Habronemu. 

H. Microstoma and H. Muscob lie loose on the mucous membrane 
of the cardiac portion of the stomach, and may cause an acute 
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inflammation and congestion. They do not seem to affect the 
pyloric portion of the organ. H. Mmccn is probably the least 
harmful of the three species. 

Lewis and Seddon, Bull and Van Saceghani have proved that 
the disease known as “ Habronemic Granuloma ” is caused by the 
larvae of these parasites, H. Microstoma, in all probability, being 
the species chiefly concerned. The condition known in India as 
“ Bursa tee ”, and believed by Lingard to be due to Filariasis, 
is probably due to the larvte of the Hobrotiema. When one considers 
the fly population of India and the construction and sanitation 
of the lines and stables of the various Army Iriits and 
Breeding Studs, but more so of the civilian population, and 
the opportunities thus utforded lor the spread of any disease from 
manure in wliicli the fly is likely to act as ti carrier, it is quite 
obvious that Habronemiasis is likely to be respoiusible for many, if not 
most, of the chronic cases of debility which must attnually cost the 
Army and the country very large sunts of money. Add “ Habi'onemic 
Granuloma ” (Hursatee) and “ Habronemic Gonjunctivitis ”, and the 
importance of the prevention and eradication of this all too often 
unrecognized condition is at once evident. 

Prevetdion. Eradication of flies as far as possible, thorougli 
cleanliness and strict sanitation as regards majiure are the essentials. 
There are various methods for dealing with )nanuro. Kobaud’s 
method, i.e.. burying the fresh dung daily inside a heap of fermenting 
manure and thus destroying the larva' of the Hahrotwma and the fly 
maggot, is probably the most simple. However, that is a. point 
that can best be decided by the autliorities concerned. 

The early isolation of all debility cases, thorough destriK'.tion of 
the excreta when possible, and dosage wnth a reliable vermifuge 
{see treatment) should be insisted upon as a routine measure. 

Treatment. The work of Maurice Hall and others has shown 
the great value of 01. chenopodii as a vermifuge. 'J'his drug either 
alone or in conjunction with chloroform, followed by linseed oil 
and turpentine, might be tried with advantage. 

It should prove efficient against //. Muscce and H. Microstoma, 
and it might be effective against H, Megastomat Carbon bisulphide 
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whose value as an anti-bot agent has been recognized for years, 
also strikes one as being a suitable drug to try. Van Sacegham 
regards the destruction of the Hahrotiema. in the stomach as the ideal 
preventive measure against summer sores, arsenic up to 2 grains 
per diem being rocommeuded. 

His method of curative treatment for summer sores is as 
follows : — 

Disinfect the sore iboroughly and then apply the following:-- 

Pliist<^r of ^*arl^ .. .. .. _ 100 

Alum , , . . . . . . . . 20 

Naphthalene .. .. .. 10 

Quinine . . . . . . . . . . . . 10 

This rapidly dries the sore, prevents the atiack of flies and 
prevents the animal biting itself. He regards it as a specific. 

In conclusion, the wiiier would draw attention to the necessity 
for careful post-mortems on all debility cases, as it is comparatively 
easy to overlook the. pn'senee of these minute worms, more 
epecially //. Miuscft. and II. Microstoma. 
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Introduction. 

This paper is an attempt at placing on record some of the many 
experiences peculiar to rice-breeding on Mendelian lines. These 
relate to swamp rice and have been gained in the course of seven years 
of breeding work on rice mainly at the Paddy-breeding Station, 
Coimbatore, and secondarily in the Tanjore delta farm at 
Manganallur. No attempt is made to traverse the familiar field of 
paddy agriculture, nor to supplement in any way the scientific 
aspects of the work, the first instalment of which has appeared as a 
Pusa Memoir.^ This article has been written in the hope that it 
may be of some little practical help to beginners in tlie same field, 
and also to stimulate an inflow of similar experience from other 
quarters, to the eventual benefit of all 

The work. 

Work on tliis crop is v(wy difficult and trying, but the wealth 
of scientific material and the enormous economic possibilities 
easily provide the inspiration. Paddy work is work in puddle. 
Going about it with boots on is out of the question, the work being 
so intensive that the huge lumps of mud, getting lifted with 
each move, play havoc in the family of plants. Bare legs are thus 
a necessity, and clean hitnds and scrupulous field sanitation are hence 
quite essential. To work under these conditions both fore- and 
after- noon is a physical impossibility and, therefore, puddle work is 

1 Parnell, Ranii^waini Ayyaugar a td Ksmiah. 'rhe Inlientance of (yharaotors in Kioe, 
P” Memoirs of the Departmeni oj Agriculture in Indin^ Botanicai Series, Vol. IX, No. 2. 
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confined to forenoons only. The afternoons, when spent in the 
fields, are best done comfortably with dry feet, quietly walking 
along the bunds and drinking in the general impressions of the 
various plant groups. T would strongly advocate the most thorough 
and intimate touch with the plants handled, be it counting the 
number of tillers, marking the flowering dates, measuring the 
heights, or noting the more detailed characters incidental to the 
intensive study of one and the same crop. There are not always 
big, broad and patent differences. Everything, however minute a .id 
insignificant, counts. It was a pleasant surprise to have noticed that 
what passed for two identical varieties of paddy proved to have had 
their only difference in the colouring of the tiny little downy growths 
from which the pedicle of the spikelct originates. So also with the 
operations. Nothing is trivial, nothing to be lightly brushed aside — 
vigilant care at every step. T am strongly in favour of every 
breeder going personally through each unit of experience so that, in 
the fulness of intimate knowledge, he can safely guide the various 
human units contributing to the common work. Another point of 
great importance is to manage to spend as mucdi of one’s time as 
possible among the plants. The more one moves among them, the 
more does one get to knoiv them. 'I'here is always some revelation 
in store. 

The plots. 

An intimate touch with the whole of the farm area is an essential 
requisite of all breeding work. The oddities of every nook and 
(jorner should be known, ^^fith this intimacy, the correc-t block of 
plots should be chosen, suited to each gi'oup in the cropping. There 
should be plenty of huuds~i\\\ being parallel either way. The 
main bunds, marking each distiruit drop in the general contour of 
the area, should be at least three feet wide, the subsidiary ones 
being eighteen inches. The channels arc to vary from one to two 
feet in width according to their location. Of these, too, it is desirable 
to have as many as possible, in Anew of each channel combining 
both the irrigation and drainage of the fields below and above it. 
The irrigation water should be let in at one corner of the field, run 
across it, and let out at the coiresponding diagonal corner. This 
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minimizes the effects of the fresh current of silt-laden water, in its 
possibilities of inducing uneven growth. Close after the letting 
in of water puddling commences, and water is allowed to stand in the 
fields. Now is employed what the station calls a “ scum boy, ” 
whose business it is to be continually removing the floating scum and 
debris from the corners of the fields to which these get blown during 
high winds. This removal, if vigilantly done, reduces considerably 
the extra fertility and delayed ripening which are a (iommon feature 
of the (;rop in all such corners. Another local disturber is the 
dung of tlie ploughing and levelling (“.attle, the prompt removal 
t)f which is essential to uniformity. 

Seedbkds and sowincj. 

Paddy seeds have fo be soaked in water, draiiUMl, sprouted and 
then sown. Soaking, in the case of single plants, is best done in the 
wide-mouthed, tin screw-top bottles in which the seeds are stored. 
The naphtlialene balls put in against insects should be removed. The 
paraffined label emerges through the soaking safe and sound. The 
tin screw-top gives security, and the wide mouth is an obvious 
convenience ft)r the easy pouring out of the seed. The draining 
is done by placing a wire mesh over the mouth and gently inverting 
the bottle. This takes out almost all the water, and what little 
is left is drained thoroughly by repeating tlie process over a piece 
of fourfold blotting paper and letting the bottle remain inverted 
for about ten minutos. The next step is to pack the seed mass at 
the bottom of the bottle, pushing down the seeds sticking to the 
sides. This over, the bottles are arranged in a, box Avhich is left, 
covered with a wet gunny bag. The next day the seeds sprout, 
and are ready for sowing. They are emptied into the palm of the 
hand and sown. What remains at the bottom or sticking to the 
sides of the bottle is brought together by taking in a little water 
from the channel, giving it a sharp twirl and briskly pouring the 
conLents out into the palm, when it will invariably be found that the 
bottles remain absolutely emptied. Paddy up to half a pound is 
easily soaked in wide-mouthed bottles, and for largci' quantities 
musliii bags have to be used in the ordinary way, one for each unit 
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of about 3 to 4 lb. Drill bags have proved unsatisfactory, being 
close-meshed and hence difficult to drain properly. 

Seedbeds for single plants are made in strips three feet wide 
and as long as the size and quantity of seeds sown. The big range of 
variation which makes it possible for over 10,000 seeds of Jceraga 
SanJio, to be in a four-ounce bottle which would take in only about 
3,500 seeds of the big Kallundai, shows the need for adjustments 
suited to the variety. But it will be found with a little experience 
that the budgetting of sowing room is a comparatively easy master. 
Three feet is a convenient, width for a range ensuring even-sowing 
from one side of the plot- -the row of plots contiguous to it between 
two channels, standing in the way of getting at each individual 
plot from both sides. In the case of bulk sowings, strips, si? feet 
wide and running the vvdiolc width of each big plot, afford a 
convenieJit breadth for sowing by going round the plot once- -each 
side serving a range of three feet. Long, narrow plots ensure good 
levelling, even-sowing, good germination and an even-stand. The 
channel between two rows of plots is about 2^ feet wide, part of 
which is occupied by the thin bmuLs forming it. and marking out 
the plots which are thus left with a clear width of three feet. This 
(jhannol provided soil for the plot bunds, and, now tiiatthe plots are 
ready, serves as an irrigation channel, drainage main, and highway 
to the row of plots -all in one. 

Labels. 

Chips of light wood about 3| inches long and an inch wide, with 
a hole at the top to take in a thin iron or copper wire which fasteiLS 
them on to a bamboo stake 3| feet, long —this is the conunojiesf. field 
label. The nmixbers are written with black japan. At the end 
of the season the numbers are shaved out and a fresh surface exposed. 
The labels are made of sufficient thickness to stand the shaving 
a number of years. Stakes should be of mature solid bamboo 
sides, and are kept serviceable fairly long if heavily tarred at the 
end of every alternate season. Eyeletted card labels with hempen 
twine to serve for fastening arc most commoixly usexl. A thin 
herbarium millboard is easily cut into any number and kind of 
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labels, and with a pair of punch pliers and a good stock of hempen 
twine the label problem is easily solved. All card labels should 
be paraffined after being written on. 1 have found that holding 
the ends of the hempen twine and dropping in ihe written 
label info paraffin ver}’ near boiling, and letting it simmer along for 
a few seconds, works the paraffin thoroughly through and leaves it 
with a decent glaze and no daixb. 

I'ransplanting. 

Transplanting in bulk is done ordinarily about 9 inches apart. 
Ulocks intended for .<fm/ niulti])lica.lion an* preferably planted 
in rows a foot apart, and the plants about six inches in the 
row. 'T,n every <'ase it is best to leave a foot all lomid the field 
implanted. This is easily d<me by putting a coir ro])e tight between 
two pegs planted a foot away from the 'I'his 7(>])(‘ line is 

planted out first and the centre lilh‘d upas the rope planting party 
is going ahead. 'Phere is often a tendency to plant these rope lines 
a lit too close, and this should be avoided. Tin* advantages of 
leaving a foot all round are; (1) the /mom/s are easily kept clean with 
cojisiderable diminution in chances of disease, (2) the general held 
sanitation is better attended to, (3) tJiere is enough safe room to 
move about among the helds without blushing against crops 
flowering or heads mature, (4) the bordei’ pl.ants do not get, extra 
vigorous and extra tall and mar the eveniu'ss of the block, and (6) 
the planted blocks get to be at least .ibont 3 J feet from each other 
(allowing for t he eighteen-inch a condition which considerably 
diminishes the chances of natural crossing, {’haractei' lots and lots 
intended for intensive economic study a.ie planted om* foot apart 
either way'. For this purpose two coir ropes are put in position one 
foot away from the top and bottom fjiutd, respectively (see Figure). 
These two ropes, being parallel serve as it were as rails along 
which to move the actual planting ropes. These ropes are of strong 
twisted cotton thread, about the thickness of a diaij pencil, soaked 
well in water and stretched out tight to ensui'e against any undue 
lengthening out during the continual soaking they are soon to 
e.xperience. Theseropesare. secured to pegs at, each end. Starting 
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from the top peg at intervals of every foot is inserted a bajnJxw 
slip about an inch and a lialf l<»ng, gi’ooved breadthwise al)out the 
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middle to t.iike in the thread and get seeiiroly sewed on to it. Two 
ropes arc laid across the width of the field, the first one a loot away 
from the bund on the breadthwise side of the field. The other rope 
is laid parallel five feet away from the first one. Ihere is thus 
marked out an oblong five feet wide with foot-marks on either side 
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of the ladder as it were. The many bamboo bits along this rope 
serve to keep the rope line clear and prevent an easv imbedding 
into the soft puddle on to which it is laid. This five-foot width 
represents the convenient planting range of one woman. More 
ropes could employ more women. For rapid planting two trained 
planters could be put into one gap. In actual practice the breeding 
station uses in each of its two or tliree planting parties six ropes in 
the five gaps of which work ten women. At this rate a decent area is 
covered per day. Each woman has a bundle of seedlings in her left 
hand and a five-foot bamboo with bold foot-marks in the other. 
This bamboo is laid across the planting gap between the ropes from 
bamlmo bit to bit and a seedling plaiited at each mark of the bamboo. 
One line over, lh<‘ bamboo is removed to lh(^ next, foot-mark moving 
backwards and on and on till the gap is finished out. One of the 
])lanting ro}>es is then moved down to bring about the next five- 
foot oblong, and when this too is planted up the operation is 
repeat^edtillthe whole field is covered. For the sake of convenience, 
every tenth bamboo slij) has a bit of coir rope prominently 
knotted round it so that at the bottom row tlie correctness of the 
counts is ejisily checked from the nearest knotted tenth. There is 
a reseixe of marked roj)e twisted round the bottom pc'g, to admit 
of iisefulness in fields of varying width. Care should be taken that 
as the wmmen walk back no seedling is planted into the hollows of 
their footmarks ; but the women easily learn to level out the bamboo 
/one ])rior to planting the seedlings. This system of space-planting 
has, with all the little modifications and accessary aids acquired in the 
practical working of any system, been so perfected that the wdiole 
operation woi’ks very easily and quickly. All that is required is two 
men, one on each side of the fnind, to move the ropes along, plenty 
of five-foot bamboo sticks and a few 4, 3, 2 and 1 foot sticks for 
interim and final adjustments, which the length of the field and the 
quantity of the available seedlings juight necessitate. A casualty in 
a foot spacing means a gap two feet square, and this will, when any 
economic problem is involved, eliminate the usefxdiu'ss of the eight 
adjacent plants. Tt is hence deshablc that us far as possible there 
should lx‘ no gaps. 'I’o ensure tliis, onl)’ good and healthy seedlings 
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are planted. A system of filling in gaps, a few days after transplant- 
ing is over, has been practistjd, and for this it is advisable to mainbiin 
a reserve of spare seedlings by planting an extra middle row six 
inches apart in the end two or three rows of each block. These 
might later be moved into the gaps if any, or pulled out. The fields 
have to be absolubdy l<‘vel and there should only be just enough 
water to let the bamboo lie slightly imbedded in the soft mud and 
j)rovent it floating. For sah'tv against wind the planting is begun 
from that side onto which the wind blows, and to guard against 
bending and breakage' of t he seedlings planted their tops are nipped 
olf. If two blocks are planted side by side a two-foot interval 
sepa7*ates them. C'ral)s have occasionally given trouble by nibbling 
the seedling at the base and have ])roved, especially at Tanjore, a 
nuisance to the sprouting sc'edlings, and the otily curative measure 
against them was to ])ut a few women to be continually catcihing 
and destroWng them. 1h(* tiny little ones slip through this campaign 
and a cheap and eftective nu'thod of giitting rid of these is yet to be 
suggested. 

h'jiOWKRINO. 

Itven hea<ling being an important economic factor, a .system 
of noting the degree of such evenness has been devised. Progeny 
from a single plant hto all planted one foot apart either way, so as 
to form a block. Bamboos are stuck in at every tenth plant 
both lengthwise ajid breadthwise. This marks the block out into 
regular sub-bloi;ks ten scpiare- so much so that from any place 
in the block the location of a j)articular plant is easily made, e.g.^ 
27th row 16th plant, leading douii with the help of the bamboos. 
Having fixed the latitudes and longitudes, a chart is made out, 
in wliich each square represents a single jilant and the date on 
which that plant flowers is entered. A cooly trained in this 
work walks up and down the line and shouts out the particular 
plant in flower and a literate subordinate sitting on the bund 
opposite follows him in the chart and notes the date. For purposes 
of flowering it has been found convenient to note the date on which 
the ib-st. main licml emerges out of the sheath and shows out the 
white downy ling at the bottom of the panicle. Casualties in the 
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block are marked zero. If the flowering runs through parts of 
two months, beginning late in one and running long through another, 
an additional letter is added to the fewer group of dates, e.g., 29th 
December to 1 0th January : the squares entered up in December 
will have 29 D, 30 D, 31 D, and the other entries will be simply 
1 , 2, 3, etc. 'Hie entries being over, the results are tabulated and 
put on to a graph. It lias t)een found in practical experience that 
marking flowering is better done on alternate days, as this means less 
trampling about, more lots to handle and a larger evenness in the 
distribution of the nuinl)ers obtained on taf)ulation. IJiis method 
of marking flowering has been of very great help in estimating 
the range of flt)wering in a pure family as also in very nmny 
families splitting for this factor. Various interesting correlations 
with other moiphological factors have thus been enabled to be 
worked out. 

Sklfino. 

8(dting is a nticessity and as it. does to a small extent interfere 
with the very free setting of the seed, it is desirable to confine this 
to abscflutely necessary cases. There have Ixjen stray instances in 
which the colour of the paddy was interfered with on bagging, and it 
is therefore ilesirable that one or two plants in a selfed gjoup should 
fje grown naturally to serve as a check. The bagging is done as 
follows A bamboo is planted close to the plant to be bagged, it 
being at least nine inches taller than the probable height of the 
plant when heading is over, and three more bamboos take their 
place on three cornei'S of the plant just as Avide away from it as to 
allow of etiough spread inside, fare should be taken that one of 
the bamboos takes its place on the side from which the prevailing 
winds blow. This ensures a wedge-shaped frontage to the bagged 
area and leaves the bag secure even in heavy winds. A triangular 
bag about a foot each side is then slipped over this frame work, 
down to well within about a foot of the highest, water level and 
secured to the bamboo .at the (corner of its bottom edge on the 
windward side by moans of a tape sewed on to the bag. The plant 
is labelled both to the central bamboo and to one of the t)utside 
ones. The central bamboo being taller prevents a oup-shaped 
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depression and secures a pyramidal top. The cloth used is the 
muslin commonly known as 1702 mull — manufactured by J. & A. 
Leigh, Preston. With proper care a bfig easily lasts for three years. 
Two precautions ha ve to be taken. The bamboo must be smoothened 
at the nodes and the top of it is To be a nodal septum, smooth 
and rounded out, so as not to take in and retaiii any rain water. 
These precautions prevent the bag from rapid depreciation and 
tearing, and make it last long. The bagged plant has its old lower 
leaves scissored off, and a string is loosely passed round the idam to 
keep the outer row of tillers from nibbing against the bag during 
growth. The string when put round too tight has interfered with 
he. free ventilation of the tiller mass and has resulted in damage 
to a few central tillers. The bag may be rejnoved when all the 
main heads have finished flowering, and what few heads may come 
out later can be cut away, leaving the initial bunch of pihne heads 
^ree to be gathered when ripe, without having to wait for the 
weakling stragglers. 

Rogues and roouing. 

I consider roguing the most fascinating of all experiences, 
fl’lie amount of natural crossing in rice has been variously estimated 
up to about 3 per cent., and this offers one of the natural soiu'ces 
of the presence of rogues in a pure crop. Added to this are the 
immense chances of an odd grain or two getting mixed 
with a pure lot in a hundred little ways which will be within the 
experience of anyone handling lots running often over a thousand. 
These unwelcome plants are of two kinds: (1) mixtures and (2) 
natural crosses- the mechanical mixtures and chemical compounds of 
genetics. Both are undesirable and should be watched and promptly 
pulled out to mainbiin the purity of the family. A stranger plant is 
easily detei^ted, in that it flowers either veiy early or peeps out green 
when all the neighbours are ripe, fts colour and habit often mark 
it out. Anyway it is easily detected and dealt with. In the case 
of contemporaries they cease to be strictly such, and are often ahead 
of the family. Extra vigour, a marked prominence right from 
the start, often a difference in habit, mark these out easily. It is a 
common experience that after a little time one gets easily to develop 
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an eye for a rogue. In the seedling stage itself, a keen eye easily 
detecte what is sure to prove to he an intruder, and often the 
suspicion turns out at flowering time to he well founded. In a 
non-piirple-pigmented variety, pigmented strangers are easily spotted. 
But colourless rogues are a hard lot and give more trouble. Habit, 
height, duration, and above all the general droop of the panicle 
provide guides to them. Tn an even -flowering variety with a 
continuity of stretch in the heads, a stranger strikes a discordant note 
and arrests the attention of the passer-by. Tt is highly desirable 
that anything suspicious, well or ill founded, is pulled out straight 
away before its dubious pollen begins to taint the neighbours. 
This may mean innocent victims, but it is better to err this way. 

I have come across instances of a few early heading plants true to 
t3r]:)e, and a fair number of these isolated and grown proved to be 
slightly pigrneniod rices. This apart, it is desirable to eliminate 
th(' stragglers, both early and late, as by so doing we eliminate 
the chances of accentuation of uneven heading in the next season’s 
crop. A most <‘ffici('nt method of trying to locate a rogue is to 
sit on the fmnd and look low and level with the height of the plants, 
and any plant sticking up easily betrays itself. This means a 
margin to th(! plant block, not extra high and giving the block the 
look of a very shallow dish, but the securing of a normal margin. 
The leaving of a foot all round the plot is nsebd in this as in other 
ways. Boguing involves continual movement among the plants, and 
as it is not. desirable to disturb plants in shot-blade I y indiscriminate 
treading, the desirability of definite spacing, with consequent 
interspaces, becomes patent. They ensure sale movement and 
have the additional advantage in tJiat the regularity of planting 
serves to tune up an orderliness and uniformity, in wliick anything 
out of the. way is spotted out easier. Hoguing has to be done at 
three diflferent periods : firstly, before the variety is in general flower, 
secondly, during full flower, and, thirdly, when flowering is finishetl 
and late plants linger on. The most desiiable thing to do is to 
move, about the plots continually and pull out plants any 
the least suspicious, immediately they are detected. It is not 
desirable to postpone doing this, as once lost sjght of they are not 



SOME RICE-BREEDiyo EXPERIENCES 


167 


very readily spotted out again. Light has an important influence on 
the ease with which a rogue is spotted, and it will fall within the 
easy experience of one in the work to he snrjniscd to find that a 
rogne quite near one hmul was missed till its presence was revealetl 
from the distant bwid opposite. In my opinion it pays riclily to 
examine a crop from all positions and at varying dmes. 

All t his refers only to pure families and bulks, and! would here give 
a Avarning against any interference with definite splitting families, as 
what a beginner would lightly take for a “ rogue often proves the 
very pla)it with that rare chance combination of characters we are 
all delightedly familiar with in the course of Mendelian experiences. 

Storino. 

Tn breeding work we deal with large numlxus of plants 

and wheji any of these get mul<ij)lied we get what is a pare bulk. It 
is the handling and safe storing of these that will now be considered. 
T: 0 single plant is best harvested close beloAV the panicles, and 
the whole lot of heads is then put inte> a long muslin bag. A 
label is put in and a knot secures the mouth of the bag. Another 
label is tied round the neck l)elow the knot. 'I’liis guards against 
mixture and impurity, 'riie only chances of ajiy stray seed coming 
in will l)e through .sheer neglect, and to guard against this the mouth 
of the bag is examined before unknotting it, and later when the 
lieads are j-cunoved for stripping the seed oft' the panicles, the bag 
is turned inside out and all stray grains carefully removed prior t<i 
storing away the bags. These single plants in muslin bags are 
safely and easily put out to dr}’ and are then stored packed in bins, 
till the stress of the harvest is over and time is found for stripping 
and bottling them. The stripping is easily done, a cardboard 
Avinnow' proving quite efficient and not harbouring stray grains. 
This over, the seeds are put inri) w’ide-mouthed, tin-screw top botth^s. 
These bottles are of varying sizes, viz., 4, 8, 12, 16 and 20 oz. 
capacity. For ordinary purposes, 4 and 8 oz. are the sizes for single 
plants, and very occasionally a 12 oz. bottle may be needed to take 
the seed of an extra Augorous individual. These bottles are verj’ 
convenient and highly commended for general use in all paddy 
work. A numbered card label dipped in liquid parafiin is put into 
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the bottle, as aiso a Ml of naphthalene which ensures absence of 
moths without in any way seriously impairing the gemunation capacity 
at least for a couple of seasons. The naphthalene ball is of course 
removed prior to the soaking of the grain for sowing. Larger 
quantities of paddy up to about 10 lb. are easily stored in drill bags 
about a foot square. These have to be carefully stitched so as to 
allow of easy examination of chance seeds in their stitch folds, and 
to have a tape loop sewed on to one end of the mouth for convenient 
labelling. The neck is secaired wnth a tape, and inside the bag is 
put in the wooden ]al)elled chip marking the plot in the field. 
Still larger qnantities, up to about 25 lb., can be stored conveniently 
in kerosene tins wdth well-made lids fitting on to the top cut entirely 
out. ' A little tin hioj) soldered on to the hodf/ of tlie tin (not the lid) 
is the provision for tying the label. Tlie soldering of the bottoms 
of the tins as purchas('d is often imperfect, allowing of chinks har- 
bouring stray seed, and these have to be beaten close and if need be 
resold(*red and filled up. P'or very large <piantity of seeds bins 
somewhat similai' to those descril>cd by the Howards^ are used. The 
last thing to use in a paddy-breeding station -though without it. 
it is well nigh ijiipossible to get on -is a gunny l)ag. It is a 
treacherous receptacle, i)ristling with possibilities for acute trouble 
regarding the purity of the seed handled and stored. The beat wav 
of minimizing this necessary evil is t.o purchase a/’ir gunny bags anrl 
keep up a steady inflow of this, as seeds go out of the. station in the 
previous year’s bags. The fresh ones should be used .fi)r the new year’s 
seed and the old ones for other less important storing. It pays well to 
keep a man going over emptied bags, bins, tins and bottles, and make 
sure that no odd grains lurk inside them. It would fall to the easy 
lot of all breeders to come across servants possessed of gieat care 
and absolute veracity, t<i whom this work is very safely entmsted. 

Before concluding, J wish to express my grateful thanks to 
Mr. F. R. Parnell, Government Economic Botanist, whose genial 
encouragement gave me ample opportunities for the gathering of 
these experiences. 


^ Affri. Jovrn. of XV, Pt. I, '.L 
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the growth OB’ THE SUGARCANE. 

BY 

C. A. BARBER, G.I.E., Sc.D., F.L.S. 

VII. 

The lengtli of the cane depends on two different factors, the 
length of the individual joints and their number. Taking the 
( ultivated cane plant in general, there would not appear to be much 
difference among the varieties in these respects. In every case the 
number of joints is considerable, for as each joint bears only one 
leaf and these are constantly growing old and being discarded while 
new ones are appearing at the top, the continued formation of fresh 
joints is a necessity in a growing plant. Given the conditions 
necessary for continued healthy growth, the plant will thus go on 
forming joints until it dies or, as is so often the case, arrows ; then 
all growth in lengtli ceases. Joints once formed and meeting the eye 
of the observer do not increase in length, for, as we saw in the last 
article,^ the increase in length of the individual joint takes place 
while it is still hidden in the mass of young leaves and, indeed, 
completes itself in a very short time. After that, the joint never 
alters in size, and the increase in length of the cane is entirely due to 
fresh joints being added above those already formed. By counting 
the joints at harvest time, we can at once tell how many leaves the 
plant has produced above ground, those in the terminal tuft being 
of course added. 


* Reprinted from The Internaiwnal Sugar Journal, July 1920. 

* Tht Agri, Journ, oj India, Vol. XVI, Pt. 1. 
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In spite of this general uniformity, we have short and tall canes, 
long and short-jointed forms, canes with comparatively many or few 
joints. And these are, all of the/ matters of importance in regard 
to the amount of crop yielded. The height of a field of cane wall, 
as everyone knows, vary -a good deal according to the weather, the 
soil, and the care in cultivation and amount of manure applied. 
And the effect of these external variations is perhaps more to l)c> seen 
in the length of the individual joints than in the miml)er pixxluced. 
7'he lengfh of the joints is immediately affected by any local injury, 
tltc ])lant reacting against sucli injury by producing for a time, or 
permanently, sliorter joints ; and any cane not growing well will 
show its condition in the joints as well as in the leaves, )>y producing 
shorter ones. Thus B.208, whicji has been most cviensively tried 
in all parts of India because of the rijiii.ess and purity of its juice, 
has on the whole been disappointi/’ being usiially cl;; -actcriz.il 
by thick short joints with a strong tendency to shooting at the 
nodes. The climate appears to be general!, too dry and perheos 
the heat is too great for this cane to do well ; but the writer has m<“t, 
with it in two widely .separated districts where good, long joints are 
formed without mucli shooting, and the canp.i here were of so diffeixiiit. 
a form that it was difficult to believe that it was the same kind of cane. 
Repeated observations have shown that in no character does the 
cane plant respond more rapidly to climatic conditions Ihic. in the 
length of the joints ; and in parts of Bengal, at reaping time, the 
portion of the cane growing at the onset of the monsoon can be 
readily marked. An extreme case of this kind of periodic change 
in the length of the joints is shown in the reproduction of a 
photograph shown on Plate XIII. Beyond that these canes were 
grown in Central Queensland nothing is known of the details 
of the crop, but it would have been interesting to learn what 
was the cause of the change. It may be suggested that the 
simultaneous shortening of the joints in all the canes oI the crop, 
shown had something to do with the approaching end of the 
growing period : but its long continued nature might also suggest 
a marked period of drought succeeding good growing weather. 
We shall return to this aspect of the subject later on, merely 
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A ( huTU'^land t'loji ol l a -luldiii 

('haiii^r in lln‘ laii^^lh of Hk* joints. 
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evidence of a rhythmic change in length during active growth, 
waxing and waning periodically. But the most important point 
brought out by a careful study of a very large number of canes is that 
the lotigest joints are to l)e found much nearer the ground than the 
middle t)f ihc cane. 'I’lie length of the joints from base to apex 
has been measured by the writer in many thousands of canes, and 
i>i a batch of 2,000 belonging to widely different varieties (entailing 
some 40,000 measurements) it was found that, on the average, 
the fifth and sixth joints above the ground were the longest. It 
was also noted that the very first joint above ground was 
comparatively long, that the iiuTeasein length was very rapid till the 
maximum was reached, and that, furtlier up the stem, there was a 
regular fall until the short joints at the end of the growing period 
were reached. As there were, on an average, 20 mature joiiits in each 
cam*, the point at which tJie longest joint was met with was thus 
exactly one-cpiarter of the way up, counting the number of the joints. 
The followijig were the averages, in inches, for this series of 
measurement s, from the ground to the highest matured joint of the 
cane : -3 4, 3 9, 4 2, 4 4, 4 5, 4 5, 4*4, 4 4, 4 2, 4 0, 3 9, 3-7, 3 G, 3 4, 
3’2, 3‘1, 3'0, 2't), 2‘7, 2‘(l. These figures of th(! average length of 
joint in the 2,000 canes are graphically shown in the accompanying 
diagram in the curve marked ‘ (Jeneral,’ and this graph shows very 
clearly the t^'jiical joint curve of a sugarcane (Plate XIV). 

At the same time that th(* joints were measured in all these canes, 
various other measurements were made, including the lengtlis of 
the leaf blade and leaf sheath, and tyjiical curves w^ere obtained 
wliicli differed very widely from that of the joint. We can here 
only very briefly refer to that of the leaf blade. Th(^ lamina borne 
by file first joint above ground is usually about a yard long, and 
succeeding leaves are longer and longer until a maximum is reached, 
as in the joint. But this maximum, which is usually from 5 to 6 ft., 
is leached much later than in the joint. When it is attained the 
succeeding leaves remain very uniform in length during the period 
of act ive growth, while towards the end of the growing season the 
length rapidly decreases. The general curve is, therefore, a flat 
one as compared with the sharp-pointed one^ot the joint, and it is 
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probable that, as long as the cane plant is growing nornuilly, the 
length of leaf blade remains fairly constant. As an example, we 
will take the measurements of the leaf blades in the Saretha group 
of Indian canes, and the averages given below are those of a very 
large number of canes in different numbers of this long-leafed group 
of canes. The following arc the figures, in inches : -37, 38, 42, 
4.5, 48, .51, 52, 53, 54, 55, 56, 56, 57, 57, 57, 57, 56, 57, 57, 57, 57,56, 
55, 55, 54, 54, .53, 51, 48, 37, 26, 17, 8. In this series it is seen that 
the actual maximum was not reached until the sixteenth joint, 
and that for 28 successive joints the ditferences in length 
were loss than 10 per cent. All the leaves of tlie plants were 
measured from the first joint above ground upwards until a 
lamina was reached at the top of the plant less than 1 ft. 
long. 

Let us now return to the curve of joint length, which concerns 
U'-' more especially. From the mass of material recorded T propose 
to de.scril)e a case which shows that, witli a little study, the length 
curve of the joints taken at harvest boars, indelibly stamped u])on it, 
the nature of the past, growing season, and that any abnt)rma\ity 
will make itself clearly noticeable. This method has been 
extensively used iir a paper by the author^ dealing with the 
suitability of any cane for the locality in which it is growing, the 
observations being made once for all at crop time, instead of in a 
continuous series throughout the seasoii. The work can thus be 
extended to a large number of districts by simply deputing a 
careful subordinate to make measurements accending t(» a given 
schedule. , 

In a series of measurements thus obtained at Sanuilkota, in 
1915-16, the curves showed certain peculiarities which tended to 
discredit the reliability of the method ; those of the joint, length 
in four kinds of cane, although agreeing remarkably among 
themselves, were (piite al) 7 ioi‘mal ; they even resembled the flat leaf 
curves rather than tlu* ty])ical sharp joint curves which had i)oen 

'C. A. Barber. “ Studios in Indian Su!;arcaiK-s, No. On testing llic suilabiUty of 
sugarcane varietion for diil’erent localities, by a system of mcaKurcmoiitbt Periodicity in llie 
growth of the sugarcane.” Mem. De^p. Agri. India, BoL Bar,, X, 3, 1919. 
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obtained in hundreds of cases all over India. The curve obtained 
for Saretha in that year is shown in Plate XIV. It is seen that 
the maximum joint length, although approached in the seventh 
joint, was not actually reached until the twenty-first ; that between 
the seventh and twenty-sixth joints only minor differences in length 
occurred ; and that the curve was very long, no less than 33 joints 
l>eing formed and matured before the rapid diminution of length 
at the top of the cane. In 1916-17 the observations were repeated 
at the same place with the same set of varieties which had been 
growing for the same number of months. In every case a typical 
joint curve was obtained, and that of Saretha is again reproduced 
on the plate. Saretha is a c-ane that has a rather greater number of 
joints than most others and, i)v the second year, it is seen that they 
were not appreciably more than the average for the whole series 
of canes of tliLs and other varieties dealt with in the ‘ general ’ 
curve. TJie t;anes in this year were, therefore, just as few-jointed 
as those in the previous year had been many. TJie maximum 
is high, as is usual with Saretha, was reached very quickly, 
namely, in the 4<Ji joint, but the descent was more rapid than 
usual to the 21st, when the iimnature part of the cane was 
reached. 

As this divergence of the joint curves ( shared in by those of 
the leaf, lamina and sheath ) was so unusual, a- careful study was 
made of the weather records published every year by the Station, 
'fhe explanation was at once fi)und there. I’o summarize, the 
monsoon was delayed in 1915-16 and the canes had a difficult time 
at the beginning of the season : later on things improved and the 
latter half was peculiarly favourable to rapid cane growth. In 
1916-17, on the other hand, the monsoon broke very early and the rain 
was satisfactory right up fill October, when canes were commencing 
to be formed rapidly ; then the difficulty, often experienced 
in the delta, was to get the land drained, and even paddy suffered 
considerably from the excess of water on the land. In both seasons 
the amount of rain that fell was reported to be ‘ well above the 
average’ : in 1915-16 the first half of the season was unusually bad 
and the second unusually good : in 1910-17 the. reverse was the case. 
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This clearing-up of the difficulty was opportune, and added strength 
to the conviction which was forming in my mind that a series of 
careful measurements made at crop time may be relied on to reproduce 
the character of the cane growth throughouc the season that 
has passed. Further, that from a study of the joint and other 
curves of growdh, obtained by local officers, the suitability of a tract 
for cane growing in general may be judged, and reliable data may 
be obtained as to the relative suitabilitv of a number of different 
varieties being tested.^ 


^ (^ A. Barber. Ibid, 



PROSPERITY AND DEBT IN THE PUNJAB. • 


BT 

M. C. DARLING, I.C.S., 

Lately Ojffkialiny Reyislrar oj Co-opercUive Societies, Punjab, 

It has 1)eeti said that nowhere in the world will you find a 
prosperous and contented peasantry. A perusal of the fjand 
Jlevenue reports of the last 15 years suggests that the Punjab is 
perhaps the except, ion that proves the rule. But this was not 
always so. Twenty years ago things agrarian provoked deep anxiety 
and dashing views. The agriculturist was losing his hold upon the 
land. Indebtedness was increasing. The area redeemed was 
always less than the area mortgaged : and the money-lender was 
master of the situation. At last, in 1901 f, after much enquiry and 
searching of heart., when even the Revenue pundits had nothing 
more to say, the bull was taken by the horns and the Land Alienation 
Act was passed. 1’his Act has rightly been termed the Magna 
Charta of the cultivator. To him it is the only Act that matters. 
He can no longer be ousted from his land, and he is no longer as wax 
in the hands of the usurer. With it too has come a new era of 
prosperity. The price of land, in spite of the Act’s restrictions, 
has doubled. In some areas it has increased fourfold. Credit has 
expanded, prices have risen, and a widely extended system of 
irrigation has made famine well nigh impossible. Finally, this is a 
point that all official reports stress, since the Act came into force 
the area redeemed has almost invariably exceeded the area mort- 
gaged. IVosperity, therefore, reigns, and the Revenue expert, no 
longer anxious, sees his work that it is good. Such is the impression 

* Kt'i>rjiited from Tht lnd,jJourH, £co,t lUf 
t The Act came into force in 11K)2. 
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marie by the official reports and reviews of the last 15 years. It is 
a picture almost without shadow, and it must be admitted that such 
pictures are apt to be unreal ; but then it is a picture of prosperity, 
and in the imagination at least prosperity has :io serious shadows. 

Turning now to the statistical statements that accompany the 
official reports, we are suddenly ronfronted by the unexpected 
fact that throughout this period indebtedness has steadily 
increased.* * * § In 15 years (1903 to 1917) tbe net increase in the 
mortgage debt of the province exceeds lOcrores of rupees. Of this 
nearly 9j crores falls upon owners and share-holders. Dividing 
the 15 years into periods of five years each, the figures in lakhs arc 
as follows : — 

1{«. lakha 

19(»:«-07 .. .. .. .. .. nil 

1908-12 .. .. .. .. .. 231 

1013-17 1 .. .. >• 

I have excluded the amounts for which tenants arc responsible, 
as this article will deal exclusively with owiieis and share-holders. 
It will be seen that there is a rapid rise in the figures of the last five 
years. If indeed only the last three years are taken, the increase 
is startling, being nearly four crores of rupees, i’liis is actually 
more than the amount for three years immediately preceding the 
introduction of the Land Alienation Act when the increase was onlv 

•f 

3'11 crores. I This is the more striking as two j’ears of the earlier 
peiiod were years of famine and only one was a good year, whereas 
of the last three years the worst (I.hfO) is officially described as 
“ unfavourable ” while the last (1915) is called “ a record year.” 

It is curious that so remarkable an economic phenomenon as 
this steadily increasing indebtedness§, vitally affecting the condition 

* Some flediictioi) iiui»t bt; mode on accoiiiii of iiiortgageH which at the end of a fixotl period 
are automatically extinguiNlied, but inforiiinl (‘n(|uiry suggests that, in most distriets this form 
of mort.gage is uncommon. 

t Figures for the year 1917-18 were not available when this article was written. 

i North-West Frontier Province excluded. 

§ Some deduction must be made from the ligiires given above on account of mortgagcB to 
non -agriculturists, which under the Land Alienation Ac-t arc uutomatiejilly extinguished 
after 20 years without payment. Informal inquiry, however, suggests that the deduction to be 
made on this account is small. 
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of over 3| million proprietors, should have passed almost unnoticed. 
Indeed diligent search through the official reports of 20 years has 
discovered only one or two allusions to the fact that the money 
borrowed by mortgage exceeds the amount discharged by redemp- 
tion. Yet for over 20 years this has invariably happened. In 1896 
it was admitted that indebtedness was rapidly increasing, but after 
that there is no further reference till 1910. In that year the re- 
demption of 41 5,000 acres for two crores and the mortgage of a much 
smallei' area for 2l crores is cited as evidence of the inc’reased value 
of land. The more important point that it is also evidence of 
increased indebtedness is ignored. In 1913 there is a final allusion. 
In that year net mortgage (h;b< rone by over 72 lakhs. The fact is 
recorded, but without comment. On the other hand throughout 
this period there are, innumerable references to the fact that the area 
redeemed exceeds the area nrortgaged, and again and again, with 
almoht litualistic repetition, the subject is made matter for con- 
gratulaiion. J)oul>tlcss acreage i.s an important consideration, 
but after all the prime object of a mortgage is money. If more and 
more mojiey is raised l)y mortgage, the fact that at the same time 
the area under mortgage is decreasing does not justify unmixed 
congratulation. The official review of 1915 remarks that ” it is 
very satisfactory lO find that not only the proportion, but the actual 
area of land UJider mortgage is now less tlian in any y'ear of which 
we Jmve a record.” Yet in this year net mortgage indel)tcdnes.s 
incj-eased by well over a ciore of rupees. In the following y^car tlie 
increase is 1 40 lakhs, the highest figure ever recorded for the province. 
Turning to the year’s report for some explanation of this we find 
the bare statement that “ it is the first time in the last five years 
that the area mortgaged has exceeded the area redeemed.” In 1917 *, 
the last year under report, the increase is only two lakhs less. This 
time we are promised an investigation, not however becauge for 20 
years debt has steadily increased, but because 
running the area mortgaged exceeds the area 


♦This article waH written in November 1918. The 
tio exeetition to what lias been aaid above. Net mortgage dUbt 
by over 150 lakhs, making a total increaMe of 430 iakhifi^.^ 
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In this connection there is a further point to note. Recent 
enquiries into the indebtedness of members of co-operative societies 
in the Punjab, who may be regarded as typical of the proprietors of 
the province, suggest that one rupee of mortgage debt means at 
least another rupee of unsecured debt as well : that is to say, that to 
estimate total indebte<lne8s the mortgage debt sl'f'uld be doubled. 
This would mean that during the last five years the total indebted- 
ness of owners and share-holders has increased hy eleven crores, or 
over £7,000,000. For ten years, the figures would be well ever 
£ 10 , 000 , 000 . * In 1890, Hir Fredmck Nicholson estimated the total 
debt of the Madias Ibesidei'cy, whicli ijj jropulation is now twice as 
big as the Punjab, at £20,000 000. Av increase of £10,000,000 in 
ten years is. therefore, considerable, and tJie more surpj'isjng that 
the period is one of undoubted jncspiuity. It would seem that 
after all prosperity had its shadow, and that perhaps in India pros- 
perity and debt go haial in hanii, IVIoie we , ane to any tonclusion 
upon the subject, however, we must try and ascertain why indebted- 
ness has increaseih 

In the face of the almost total silence of the oflicial reports, this 
must naturally be a rna+ter of considerable difficulty. Statistical 
statements are iiuh'cd the only guide. Tliere are plenty of these. 
1'heir name in fact is legion ; but as a guide they have something 
of the erratic nature of the first ])osscssor of that name. It is not 
omy that all statistics may easily mislead ; but these in particular 
luivc been collected for a purpose which is quite different from ours 
and under conditions which are constantly changing, 'bhus in the 
last twenty years, two miw provinces have been carved out of the 
Punjab, the North-West Frontier in 1900, and Delhi in 1912. 
Allowances too have to be made for changes in district boundaries, 
and a final difficulty is the elusiveness of certain statements which 
occasionally disappear fj-om one re 2 )orf to reappear in another. 
The field of Indian economics resembles a vast jungle through which 
as yet there is no pukka road, but only tortuous and not very obvious 


• The exchange is taken at Is, 4d. At 2#. the amounts would bo £11.000 000 and 
Sl5|CKK>j000) rospectivoly. * 
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paths. It was, therefore, a temptation at this point to draw back 
and leave it to those more expert in statistics and economics to align 
the road. This attitude, however, never led to either adventure or 
discovery. I have, therefore, adventured, hoping that others may 
be tempted to follow in my track, and that so doing they may find 
the path less tortuous or at least more obvious than before. 

The first point to note is that in the. last five years, with the 
unimportant exception of Simla, every district in the province 
shows an increase in net mortgage deJ)l, and even in the preceding 
five years, when the increase was much less, only four * districts show 
a decrease, which (oo is no more than a total of G-| lakhs. It is clear, 
therefore, that the increase in debt is widesj)read, though in the 
north-western districts it is less marked than elsewhere. 

There are 28 districts in the proviiK'c, and as it is impossible 
within the narrow compass of an article to examine the coiiditions 
prevailing in each, I propose to take the worst cases, in the hope 
that where the malady is jnost pronounced tlie symptoms may be 
most evident. There are no fewer than nine districts, representi)jg 
about one-third of tlie I’unjah, in which during the last five years 
the increase in mortgage debt exceeds 20 lakhs. Tlie figures, which 
are in lakhs of rupees, are as follows ; and to show the rate of 
increase, figures for the preceding five years are given as well : — 



IW»8-I2 

J 01 3-17 

Total 


JIk. 

Kk. 

Rs. 

Ki*r4)y,opt»rc 

:u,75 

70,34 

111,00 

AniritKar 

29,08 

49,22 

78,30 

Sialkot 

10,50 

37,05 

54,21 

Lahore 

21,43 

28,29 

49,72 

(3urduHpur 

14,05 

31,08 

45,73 

Lyallpur 

1,13 

43,38 

44,51 

Ifonhiarpur 

12,1M) 

29,13 

41,13 

Lutlliiana 

17,00 

22,87 

39,00 

JuUundur 

1,87 

20.00 

27,93 

• As there will be frequent 

references to these districts, a word 

may be said about each. Three of them. 

Sialkot, (rurdaspur and 


Hoshiarpur, are submontane districts highly cultivated, thickly 


* Uujnnwala, Montgumi-ry, Midtan and Dera Gh^ Khan. 



PROSPERiry AND DEBT IN THE PUNJAB 


181 


populated and blessed with a good rainfall. Jullundur, Amritsar 
and Lahore belong to the Central Punjab, and are the home of the 
Sikh Jat, an excellent cultivator if somewhat extravagani in habit. 
Like the su])montarie districts they are liiglily cultivated, but being 
more irrigated are even more detisely populated. The connection 
between irrigation and population is worth noting. Ludhiana is 
south of the Sutlej, and broadly speaking resembles the central 
districts, enjoying, however, less irrigation but more rain. The.se 
districts are the home, of the small proprietor, whose average culti- 
vated holding varies from ten acres in Lahore to tlu-ee and three- 
quarter acres in Jullundur. Kxcluding Lahore, the maximum 
average is only six acres. There remain the two districts of 
Ferozepore and Tiyallpur. In these areas cultivated holdings are for 
the most part larger, the average being 15 acres in Ferozepore and 
nearly 20 in Lyallpur. In Ferozepore large holdings prevail because 
f'e rainfall is too scanty io permit of a large population. Lyallpur 
is too well known to need descriplion. It is, of course, the most 
famous of the Punjab canal colonies. On the whole these nine 
districts are typical of economic conditions in the Punjab, which 
is a province of smalt proprietors, with here and there a district 
of larger holdings. In only one district out of tlie 28 (namely, 
Hissar) does the average cultivated holding exceed 20 acres, and in 
19 it is less than 8 acres. For the whole province the average is 
seven and a half acres. 

The district that shows the greatest increase in mortgage debt is 
Ferozepore. In ten years, it has risen by over a crore of rupees. 
In two other districts, Amritsar and Sialkot, the inciciase exceeds 
50 lakhs. Assuming, as before, that total indebtedness is not less 
than double the mortgage debt, we find that as many as eight dis- 
tricts each show an increase of over £500,000. * In Ferozepore, the 
amount is nearly £1,500,000. f As there are in the district about 


* 75 p.c. must be added at present exchange (2^^. 4d.) 

t Further enquiry suggests that Ferozepore is an exceidion to the general rule, that total 
debt is not less than double the mortgage debt. The latter appears in this district to be much 
heavier than unsecured debt. Even so the increase can hardly be less than IJ crores, which at 
present eotchange is e<}ual to £1,500,000 (September 1919), 
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160,000 owners and share-holders, this means an average increase of 
£10, or Rs. 150 per head, which, as money counts in India, is consi- 
derable. A report * of 1908 tom^hes upon the subject, and though it 
is Uot very recent it is worth quoting as, so far as can be discovered, 
it is the only explanation of the increase in debt that the reports 
for the last 20 years offer for any part of the J’unjab. “ Owing,” 
says the Deputy Oommissioner of Ferozepore, “ to the habit of 
excessive drinking in some cases and to gambling in others, the 
people mortgage their lands first to one, then to another for increased 
consideration, and again to a third person for a further increase 
during the course of the same year ; and this fac^t alone accounts 
for the. higli figures under the head mortgage and redemption of 
mortgage.” And he goes on to point out that at the same time a 
combination of good harvests and high prices for grain had led to 
an abnf)rmal ris<^ in the value of land, the implication being that 
this suddeji access of prosperity in facilitating mortgage had led to 
an increase in debt. Here then prosperity and debt would appear 
to be intimately connected, and what is more serious, to have led 
to demoralizing f habits. As such the case is a warning to those 
superficial economists who regard material prosperity as the remedy 
of all evil. It would be unwise, of course, to apply this instance 
from a single district t.o the whole province. At the same time the 
fact that in the district which shows the most abnormal increase 
of debt, the phenomenon has been connected with demoralizing 
habits, shows the importance of the subject and the need of 
enquiring into the phenomenon as a whole. 

Ordinarily, M'herc small proprietors are concerned, the main 
causes of indebtedness arc : (1) bad seasons, (2) increase of popu- 
lation without a corresponding increase in production, (3) expansion 
of cultivatiori, (4) splitting up of holdings, (5) purchase of land on 
credit, (9) high prices, and (7) facile credit. There are other causes 
such as intensive agriculture, which demands more capital, and 


• l.And Alienation Act 

t The aHsoHsment reportH of thr diatrict (11)12 — 14) alno speak of “extravagance and 
dissipation ’* as prominent causes of debt, , 
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the power of tlie usurer ; but for our present purpose these can be 
ignored, as intensive agriculture in the modern sense hardly yet 
exists, . while the usurer is hardly ever al)scnt. Thanks to the 
establishment of nearly 6,000 co-operative credit societies, his power 
in the Punjab is decidedly less than it was te»j yc-us ago, so that 
we can hardly look to him for an explanatioi of the rise in debt. 
To ascertain this we must now examine each of the causes given 
above as briefly as such complicated questions allow. 

Bad seasons. 

The first cause is bad seasons, or to speak more accurately, 
though less simply, seasonal vicissitudes, as it is not only the bad 
seasons that run the cultivator into debt, but also their great fluc- 
tuations. In India, outside the great irrigated areas, the harvest 
is a gamble in rain, and this produces tlie gajubler’s habits. The 
Indian cultivator, therefore, is not noted for thrift. Moriiover, when 
holdings are small, even a moderate harvest may compel a man to 
borrow, and if interest is high it may be difficult to pay off the 
debt in a good harvest. The moderate harvest occurs more fre- 
quently than is supposed. Even in districts with a good rainfall, 
like Gurdaspur and Sialkot, the rain is apt to come at the WTong 
time or in too great abundance, with the result that theie may be a 
succession of harvests none of which will be good and none positively 
bad. This has certainly been the case in Gurdas])ur, and has 
probably had much to do with the increase of 32 lakhs in t he mort- 
gage debt of the district, d uring the last five years. The small owmer 
there is not a man of business. In a good year he lives well. In a 
poor year he borrows ; and this, owing to the high value of his land, he 
can do with ease. Looking to the province as a whole, however, 
we find that the harvests of the last ten years have been above the 
average. There have been no years of famine as in the mhieties, and 
only two bad years, while four were definitely good, and one, as we 
have seen, was a record year. The remaining three w'ere normal 
or slightly below normal. Accordingly, though a few individual 
districts may have suffered, we can hardly attribute the increase in 
debt throughout the province to the seasons. 
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Increase of population. 

Of the many causes of poverty which operate in a country like 
India, increase of population is the most serious, because where 
agriculture is stagnant mouths increase faster than food ; and when 
agriculture is the only important industry few leave the village 
where they were born. The common attitude, therefore, which see f 
in an increase of population a sign of well-being, is fundamentally 
wrong. It can only be an advantage if producition. agricultural 
or industrial, outstrips it ; and even then, so far as industrial pro- 
duction is concerned, it is a doubtful blessing, as it leads inevitably 
to overcrowded towns at home and a struggle for markets abroa J, 
and the latter as often as not ends in war. It was not, therefore, 
necess£^rily matter for regret that the last census disclosed a sub- 
stantial decline in the population of the I’unjab. The fact was, of 
course, deplored. Attention was concentrated upon the ravages 
of malaria and plague, and the economic ad vantage of a smaller 
population for the land to sustain was not considered. In the 
nineties both population and indebtedness rose considerably. I 
have little doubt that, the one affected the other ; and in view of the 
great increase iii debt during the last five years, 1 would hazard the 
guess that the population is no longer declining,* but almost certainly 
increasing. At the same time, the fact that throughout the period 
of the last census indebtedness was slowly but Surely increasing, 
shows that there are other (‘.auses at work. 

iSl’UTTlNCJ lU' OP llOtDlNCi.S. 

In a country where the laws of inheritance prescribe equal 
division of property between sons, an inevitable result of an increase 
of population is the splitting up of holdings, and when these are 
small, this is likely t o be a potent cause of debt. In 1896, an exhaus- 
tive enquiry into indebtedness in four different areas was undertaken 
by Mr. Thorburn, (Commissioner of Rawalpindi. In his illuminating 


• Sinco thin was written the iiiurtality tigures of the influenza epidemic of the autumn of 
1918 have been published, showing a death rate of 5 per cent, of tlie population. This would 
probably falsify the guess made above. ^ 
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report, which deserves to be republished, lie says that the four most 
prominent causes of del)t are fluotuatimis in yields, losses in cattle, 
the obligation to pay land revenn.' w1i clever the bar .-est, and the 
splitting up of holdings from tin gro ih of po]nd‘ lioii. The first 
two causes are really aspects <• sea .mtal vicissiti des which have 
already been considered ; and if oue, miy judge by the assessment 
reports of the last l*'n y('ais land revcime is lu* longer a serious 
cause t)f debt. Theie icni •,;ns the splitting up of Jioldings. Official 
statistics show (hat thoro .ire now Iftd.OOO more owners and share- 
holders and .53,000 Jiiorc* holdings ih:i.n five years ago. The increase 
in the case of the foriuei' j.s about 4 per cent. Each of the nine dis- 
tricts which we are S 2 )ecially considering shows a similar tendency ; 
and in five, Lahore, Oiirda.spur, Hoshiaipur, .Inllundnr, andLyallpur, 
the provincial average is exceeded. Ju .s})ite of a great expansion of 
cultivation, tin' eifeefs of which will be discussed presently, the 
increase in sliare-holdeis has naturally led to a reduction in holdings. 
This has occurred in each of the. nine districts in rpiestion. In the six 
in which tht> average holding is less than seven acres, tJie reduction 
varies from half to a quarter of an aert^. For the province as a 
whole the average has fallen from eight to .seven and a half acres. 

In itself this is, perhaps, not a (haiigr* of much importance; but 
viewed as a (;ontinuing process it is one that may deeply affect 
the future welfare of the runjab. Meanwhile there can be little 
di)ubt that, in at least .seven out of the. nine districts (in Lyallpur 
and m ])art of Fcroz('])ore. tlui average holding is still large 
enoiigii to bear reduction), the splitting up of holdings has been 
a cause of the increase of debt. The fact that tlie nund)er of 
owners and tin* amount of debt have bot h incnsised mure rapidly 
in most of these districts than in tffhers, is at. least presumptive 
evidence of this. In .lullundur, indeed, where, there are nearly 
10,000 more owjk'TS and share-holders than five years ago, and 
where the cultivated area has shrunk by 13,000 acres, it has 
probably been the determining factor, and perhaps explains why 
the increase in debt should have leapt up from less than two 
lakhs in the first half of the last decade to 20 lakhs in the last 
five years. 
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Expansion op cultivation. 

JuUundur is one of the very few districts in which the cultivated 
area has declined. For the whole Punjal) the last five years show 
an increase of over a million acres or 3f ])er cent. JJnch the greater 
irart of this is due to the extension of canal irrigation. For canal 
ciiltiratiou more capital is needed than for dry. It is reasonable, 
therefore, to suppose that borrowing has taken place on this account. 
The effect of this upon an increase of debt may, however, be exag- 
gerated. Thus none of the five* districts in Avhich the expansion 
of cultivation exceeds 10 per cent, shows a remarkable increase of 
debt. Two of these, Mianwali and Dora Ghazi Klian, botli Indus 
districts, while together adding 200.000 acres to their cidtivated 
area, have not added more than 20 laklis to tlieir debt, which works 
out to lbs. 10 per acre. Moreover, in none of the districts in which 
debt has risen most, has the expansion exceeded 4 ])eT cent, bi 
three of them, the addition to cultivation is insignificant; and in 
one, JuUundur, there has been, as we liave seen, a decrease. It 
would, therefore, bo unwise to attach much importance to this 
factor. So far, however, as debt is due to an ('xpansion of culti- 
vation, it need not be regretted as it is productive debt. 

PURCIIASK OF LAND ON CREDIT. 

'riiere is notliing dearer to the peasant proprietor than land. 
It is the alpha and omega of his life, and his only means of sustaining 
it. In a striking passage. Mill says : ” When the iiabits of a people 
are such that their increase is never checked, but liv tlie imjjossibility 
of obtaining a bare siip])ort, and when this support can only be 
obtained from land, all stipulations and agreements I'especting the 
amount of rent are nominal. The competition for laud makes the 
tenants undertake to pay more than it is possible they should luiy.” 
Miifatis mutandis this api)lies as much to the price of land as to its 
rent, and is one explanation why in the Punjab its price has more 
than doubled during the last 20 years. In the East, the primary 

• Moi.l!£'«incryi:Wp.c.), Multan (1.') V.C.), Guji-anwala (13 p.c.), Mianwali (\i p.o.) and!) 

G haw Khan (lOi p.c.). 
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value of land is social rather than commercial. It 18 0116 of tht 
three things for which money is alv lys forthcoming. The other 
two, of course, are a marriage and a ct >e in the courts. All three are 
a common source of debt. We must, however, distinguish between 
the man who borrows to buy land which wdll yield enough to i)ay 
back both principal and interest and the man who borrows to buy 
it at an inflated prioc. The former io thoroughly business-like, 
hut the latter is very much the reverse. JSmw that the price of land 
is abnormally high, borroAving to huj' must, in nine cases out of ten, 
be thoroughly unprofitable. The purchase of land may, therefore, 
be an important cause of del)t. On the other hand, as land is generally 
sold by one cultivator to another, it may be argued that the 
loss of the one being the oilier ’s gain, the net result upon total 
indebtedness should not be much afFected. This would be truer 
if loans were repaid as readily as they are taken. Thus when, as 
must often liapjieii. land is sold to meet debt, part of the price 
jiaid is probably retained for current expenses. If at the same time 
the purchaser has borrowed to buy, debt will increase more on the 
one side t iia,n it is reduced on t he other, Tf t his is correct we should 
expt'ct to find the rise in indebtedness during the last live vears 
accompanied by a rise in sales. This indeed is exaitly what has 
liajipened. In llie live years ending with 1912, land was sold for 
7!, crores. and in tlie last live years for 12 erores. There is, therefore, 
a rise of crores, or an increase of 00 per cent. Turning to the 
figures for our nine districts we find the same feature. Lyallpur is 
the most striking case. In the earlier period, land was sold for 
48 lakhs and mortgage debt increased by only one lakh, whereas for 
the last five years the figures are respectively 95 lakhs for sales and 
4.*} lakhs increase of debt. The two are undoubtedly connected, and 
in the Civil Justice report of 1912 we read that ' the acquisition of 
proprietary rights has left some of the Lyallpiir zemindars short of 
ready money and they have sold or mortgaged their newly gained 
])ro])rietary rights and de< amped with the proceeds leaving debts 
behind them.” In K(U‘ozepore too a larger amount of land has been 
sold during the last ten years than in almost any district-^^in the 
province, and, as we have seen, there is no district in which 
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indebtedness has increased more rapidly. On the other hand, large 
amounts of land liave been sold in Multan and Gujranwala, which 
are not amongst our nine districts. Even in them, however, 
mortgage indebtedness has risen substantially during the last five 
years, the increase in each case being over ]0 lakhs. It may, 
therefore, be concluded that land purcliase and debt are connected, 
but the connexion is probably less marked in districts where money 
is plentiful. 

Hioir PRJOE.s. 

We come now to high j)rices. It is (‘ommonly assumed that 
they are gooclior the cultivator, as indeed they are if he has more to 
sell than to buy, but if it is th(‘ other way round, he benefits no more 
than any other <‘lass of consumer. In India a Jinin with 20 or JtO 
acres will often have more to sell than to buy, and if his land is 
secured against bad harvests by irrigation higli price's are an obvious 
advantage. The canal colonies have, felt this to the fidl as is shown 
by the largo amounts of gohl which they continually absorb. But 
in districts wlnue the average cultivated holding is six acres or less, 
it is only in years of good harvests that then* is much surplus grain 
to sell, while in years of bad or unfavourable harvests, for part of 
the year at least, grain will probably be bought rather than sold. 
Let us cojupare lor a moment, two districts as dissimilar as Gurdas- 
pur and Hissar, the one submontane with a good.rainfall, the other 
officially described as " arid ” with a rainfall of less than 15 inches. 
Going froiu the one to the other is like passing from a wilderness 
into a garden. At worst Gurdaspur will always have some ap- 
pearance of (mltivatiou. In Hissar, on the other hand, in a bad 
year it is po.ssible to ride for 50 miles and hardly see a green thing. 
Yet the surprising tiling is that in Hissar t he people are undeniably 
better off than in Gurdaspur. They are better housed, better 
clothed and probably better fed. hlvon at the end of a year which 
has given only inches of rain most people in Hissar had grain 
enough left in their bins to live on. Yet. in November 1918, in 
Gurdaspur owing t.o a bad autumn harvest following upon a spring 
harvest which, though poor, was by no means a total failure, more 
people than not were buying grain (rice and majze) at Rs. 5 a maund. 
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The last and most telling point in tlio cornpamon is tliat de])t in 
Gurdaspur is much higher than in Hissar. Thus if we take the 
Sirsa Tahsil of the latter and cojnj)are it with tlie iSliakargarh Tahs-l 
of the former, both being areas that are almosi en^. irely dependent 
upon their rainfall, we find from em,iiiries recently made that in liie 
Sirsa Tahsil the indeldedness of proprielots is about ten times the 
land revenue, wliile in the submontane Tahsil (»f Shalcargarh the 
multiple is as much as 25. hTirlln'r, in the former 2t) per cent, 
of the proprietors are free of all debt, and in the latter only 3 pe" 
cent. One explanation of the difTerence is over-])opuIation, which 
neutrali/es all the advantages of Nature. Hissar, with a cultivated 
ar(*a of million acres, has to su])port a, j)o[)uIation of only 850,000, 
whereas to feed a slightly smaller poj)ulation (837,000) Gur(liisj)ur 
has oidy 833.000 acres. In Hissar, the average cultivated holding 
is 22 acres against (> in (iurdas]>ur. In t he fojnier, therefore, a good 
ye; ■ will produce a. large surplus of grain Avhich can either be stored 
against a bad year or be sold to great advantage. In Gurdaspur, 
this is generally impossible. It is not surprising, therefore, that it 
is one of the most heavily indebted districts in the Punjab, and it 
is significant that the only district which is juore heavily mortgaged 
is the adjoining district of Sialkot wlu're conditiojis are similai'. 
High ])riccs combined with ])oor harvests Jiave uceentuated the evils 
ol over-population. And in this connection it has to be remembered 
that while the cultiva,t <ir sells in a chea|) juarhet. as a retail [)urchaser 
he buys in a dear one. Af cordingly as a consumer he feels the 
full effect of a rise in in ice, luit as a producer he cannot gain its full 
advantage unless sale is co-operatively organized. This may explain 
why the last three years, which have all been years of war and 
abnormal prices, have seen so startling an increase of debt. 

FaC-II.E (’HEDIT. 

A recent .American wril<'r on rural economics .says that “ farmers 
who do not keep accurate accounts and who have not a keen sense 
t>f va.lu(!s should avoid the use of credit as they would the plague.” 
This is a counsel of perfection. All the world over the small pro- 
prietor, provident or iniprovident, must borrow’. It is important, 
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th6refore. tliut his credit should be both cheup ttod good. So far 
as it is only cheap it is u danger. It is the primary object of co- 
opera tiv’e credit to secure that when credit is cheap it shall also be 
good and when good that it shall also be cheap. Where, however, the 
cultivator is left to himself, his credit will more often be cheap than 
good. The high value of his land makes l)orrowing a matter of ease, 
and the more valualde if becomes the more lie is tempted to borrow. 
Jr was this (hat tnade an official of the Central Provinces write in 
" the owjiers of tlie hmd grow pooror, while their land is daily 
lining In value. " l*ope ex]>resses the safue idea when he says ; — 
"The devil'n grown wiser than before; 

He teiopts by making rich, not making poor. " 

In the J’unjab. Mr. Thorbuiai, to wJicAse ri'ixnt we Jiave already 
alluded, tracch the begiiuiings of serions indebtedness to the 
seventies, when it became an easy matter to alienate land. Since 
(hen its value has steadily increased, notably in the last ten years, 
(hiring wliich the price of cultivated land has risen from Its. 75 an 
acre to ds. 180, a rise of 148 per cent. In the same period debt has 
also increased enormously, and the theory may be hazarded that 
in a country of uneducated small proprietors, unless credit is 
controlled, debt Avill always rise in close ratio to land value, that in 
fact debt follows credit. In Sir Frederick Nicholson’s well-known 
report on (Jo-operation we read that even in so thrifty and educated 
a country as Switzerland an abnormal rise in hmd values led to the 
peasant proprietors becoming much more indebted, which shows, 
as Sir Frederick says, that “ even ill countries of good education 
the peasant proprietor cannot refrain from pledging any additional 
value which the land may acquire.” The remark applies with double 
emphasis to India audits illiterate masses. To them a sudden rise 
in the value of land maj' be little short of a disaster. Yet official 
reports speak of it again and again as a matter for congratulation. 
Sir Bamfylde Fuller was nearer the mark when he wrote in 1889 
that ‘‘money is practically never raised for the improvement, 
of estates, and in almost every case the cause of debt has been im- 
providence and ignorance, pure and simple. Tn such a case a fall 
in the value of land as a means of raising mbney is one of the best 
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tilings that can happen.” Applied to the Sikhs and Arains of the 
Punjab this is perhaps an over-statement. Over 14,000 wells, 
mostly masomy, have been sunk in tlie last five years. Several 
thousand improved implemenis have been sold, large tracts of 
waste land have been broken up, a ad tlierii is evidence that in the 
more progressive distric ts tlie rudiments of improved agriculture 
are at last being grasped. IJut when all is said and done the money 
spent in this way })rol ably represents but a very small ])art of the 
imount borrowed. AVhile J t,(M)0 wells have been sutdc there has 
been an increase' of 4(i,0(K» suits many c)f wiiicli must have cost the 
litigant much more than tin' juice of a new well. Willi a jieison 
so incurably litigious .us the INinjabi. it m,.y be safelv asserted that 
a substantial jiart dI the innnc'y raisc'd on the inflated valin- of land 
has bec'ii .sjienf in the law couri'^. In t he ( 'iv.l .luslic'c' j'C'jiort nt l!)]3, 
the incrc'ase in tin' mini'u'r ;ind value' of land suits in Oujranwahi 
is definitely ase ribcd to tJie \ atoiiseei l>\’ the rising value of 

land. The same re*jniit states that in .lullundur juaet leally every 
alienation is e'hallenged. and the ioeal Jtistiiet Judge adds e'X))re'.s.s- 
i\e'!y ■■(he c'ourts are the Mmite t.'arlu of the jieasant.' That 
the' eoiine'xion between debt and litigation is close is shown by the' 
tact that ye-ar altc'r yeai more suit.' are itistituled in Jluzaflargarh. 
(iurdaspur and iSialkot , which are juobably the three most heavily 
indelued distrie-ts in the' ITinjali than in almost any other district 
in the ju'ovinee. lloshiarpiir and Amritsar run them close, and both 
arc more heavily mortgaged than most districts. There' can be no 
doubt that debt often follows litigation, and in the Punjab it lue^ks 
as if litigation followed credit, the. one increasing as the other 
exjiauds. 

AnotJier e'ommon source ot debt is ceremonial exjtenditure, 
espee'ially ot com sc upon marriages. It is difficult to collect sta- 
tistics to prove this, but most cultivators will tell you that marriage 
costs moie than it did. Twenty years ago, a peasant proprietoj' 
c'ould get married tor Ks. 100. Now Rs. 400 or Rs. 500 will hardly 
e'over it, while amongst the Sikhs of the central districts, whcj'e the 
rise in indebtedness has been most marked, it will cost from Rs. 1,000 
to Rs. 2,000. 1 know of a Zilalidar who, though Rs. 6,000 iu debt. 
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spent Ba. 5,000 on a daughter’s wedding. And last cold weather 
I came across a ineniber of a co-operative society, who in 1916 spent 
Its. 1,300 in marrying a son and the following year Bs. 400 in 
marrying a daughter. Together the Uvo sums represented 17 years’ 
rental of his ten-acre, holding. And at the time ho already owed over 
Ks. 1,500, most of which he had borrowed for a case. Instances 
of this kind are probably not uncommon, and they have doubtless 
multiplied since women became fewer than men. In short, 
borrowing for unproductive purposes is far too common in India. 

Wc have now examined each of tlie seven causes to which the 
increase in indebtedness in the Punjab may be due. Superficial 
as the survey has been, certain tentative conclusions emerge. In 
the fiist place two factors stand out prominently, the great expansion 
of credit and the rise in prices. The former has probably operated 
throughout the ])rovince, tlie latter wherever lioldings are small. 
Sei'ondly, with these, two main causes are interwoven others the 
precise importance of which it is difficult to determine as they vary 
in efl'ect from district to district, latstly, it is clear that further 
enquiry is needed, and it sliould be detailed and systematic, i’ros- 
])erity ami debt aie evidently intimately connected ; and some of 
the. acce})te.d views iji regard to the former would ap])e.ar to need 
revision. If this is so, iiujxn tant (onsequcnciis follow. One is that 
credit must be cont rolled. With a simple, uneducated and naturally 
improvident peasantrv.it is clearly dangerous to let peoph* borrow 
as they please. As a servant credit can turn .sand into gold, but as a 
master it Avill t urn gold into sajid. Jlestriction, tiierefore, is neces- 
sary and co-opeiative credit is tJic obvious way of applying it, for 
members of a co-opcuative society cannot borrow at will. Moreover, 
through theii- society tJiey learn the all important lessons of punctual 
repayment, lu)nest dealing and thrift. Co-operation is indeed the 
very negation of indebtedness. In the Jullundur District T 
cah'ulate that ten years of cu-o]»eration have reduced the net indebt- 
edne.ss of 20,000 mcml)ers by 25 lakhs. JSo ellort, therefore, and 
no expense should be spared to extend co-operative credit to every 
village that can be induced to accept it. Incidentally too co- 
operation is the best remedy for high prices/ 
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Underlying the whole question of indebtedness in ilie Tun jab 
is the problem of small holdings. Wo have S(Mm that they ar(> g<‘,tting 
smaller and that this process is likely to continue, that, they camuit 
resist bad seasons and sufTor from high pri(vs. ■ii.d tJiat in stimu- 
lating a demand for land they lea ' t(» its purchasfi on credit at an 
inflated value. The evil is clear but the remedy is difticiilt. The 
laws of inheritamc can hardly Ik changed, nor is the Punjab well 
adapted to industries which would provide a siihsidia’-y means of 
subsistence. The latter indeed need not be regrettral. tor no one 
who is acquainted witb industrial conditicnis in India could wish 
t.he relatively healthy life of a country to be exchanged for the 
demo7‘alizing influences of the town, 'riierc' remain only two 
remedies : one is the improvement of agriculture so that production 
may keep pace with population, ajid tJie other is the encouragement 
of emigration. A good start with the former has been made l)y the 
.Agricultural Department, but India, is still far behind America and 
Western Europe in the effort made. Moreover, tlnue are limits to 
what can be done, as small holdings and advanced agriculture do 
not agree very well together ; and in India, the difficulty is acceiu 
tuated by the climate* which saps all desire for improvement. The 
alternative rejuedy, emigration, is therefore inq^ortaiiT, Before 
the war the J’tinjabi W'us more a.nd more going to America and the 
Far Fast, and though he often ret urned a wealt hy nuui sinne, ha,ve 
brought back nearly a lakh - he was Jiot always a better tnan for 
the change. The war has haj)pily provided an ideal colony for the 
future. In Mesopotaniia, with its smnewhat belter climate than 
the Punjab, the sturdy qualities of our peasant proprietors should 
reach their fullest development. It is to be. hoped, thertifore, that 
this will not be lost sight of in the reconstruction that will follow 
peace with I’urkey. 'J’he rural Punjab deserves well of its rulers ; 
and as the only martial province in India, anything that threatens 
its welfare is of more than usual importance. At present it is 
undoubtedly prosperous, but prosperity has brought debt. This 
anomaly should, if possil)le, be removc'd. 



TIIK WllKAT PKSTS I’ROCl.KM.* 


It is now well recognized that scientific research is of great 
money value., but it is not often that successful practical results 
follow so quickly uj)ou research as in the I'ecent campaign against 
tile insect pcste in the vast quantities of wheat which, owing to the 
war, accumulated in Australia. Tu this campaign, Soutli Australia 
played a very important part. 

In the early stages t)f the weevil plague, at the instance of 
Mr. (t. (t. Nicholls. Manager of the South Australian AVheat Scheme, 
a Wheat Weevil (.'ommittee was appointed consisting of Dr. W. A. 
Hargreaves, Director of the South Australian Department of 
(’heinistry (Chairman), Mr. (1. Q. Nicliolls, Mr. W. J. Spallord 
(Superintendent of Experimental Work. Department of Agricidture), 
Mr. M. Lea (Kntoiuologist to the S. A. Museum), Mr. E. A. 
Badcock (Manager, S. A. Earmers (hi-operative Union, Ltd.), and 
Mr. J. 1\ Jacket t (Miller). Subsequently Mr. D. C. Winterbottom 
(Supervisor t)f Weevil Dejiartment in S. A. Wheat Scheme) was 
added to the Committee. 

The work of scientific research on the subject was taken up 
by the J)epartmeul of Chemistry, and from experiments conducted 
in the laboratory of that department three practical systems of 
t reatment were devised. These, when put into use by the Wheat 
Boards in the States of South Australia, Victoria and Western 
Australia, resulted in saving Avheat worth at least £ 1,500,000, 
besides giving very valuable knowledge on the whole problem of 
stored wheat which will be of service in the future. 

This estimate of monetary value is an approximation. It is, 
however, based on the observation that the actual weevil damage 

♦ Kxtraot^d from Kcporl No. 2 of the Stito Advisory ('ouncil of yoii*ncu and Induatry of 
South Australia. * 
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was at least reduced to oue-half of what it would otherwise have 
been. Senator Russell, Ohainnau d the Australian Wheat Board, 
announced, on January loth, 1920, that the actual weevil damage 
done to the wheat purcliased by the British Government during 
the time it was held after |)urc]ni..e and before shipment had been 
assessed at 2,200,000 bushels, and that the Briii-.h Government 
had agreed to ]jay the Australian Wh(*at Board the sum of 
£522.000 to cover this loss. This was based on the contract rate 
of As. 9(1. per Imsliel. 'I'he amount paid for losses can be taVen 
as a low estimate of the value of the wh<‘at saved for tlie British 
Government. During tin* three year.. 191.5-1(1. 1910-17, and 

1917-18, the Commonwealth prodneti<»n of wheat was 404.000.000 
bushels, of which South .Vustralia eontributed 98,000.000 and 
Victoria 13(5.000.000 Inisliols. The British (foverument contract 
was for 112.00((.000 bushels. ol which South Australia supplied 
‘^‘>,000,000 and Victoria 40 000,000 bushels, so that in round 
ligures the British Government took' about one quarter of the 
Commonwealth output, and tliis entailed about one-third of the 
output of South Australia and ^Jeto^■ia. The savings to each of 
tlie States of South Australia and Victoria can be taken then to 
be at h'HSl an equal ajiiount lo tliat saved tor the British 
Government. Hence we arrive at the conservative estimate of 
£ 1 ,500.000 worth of wheat saved from destruction as the result 
of scientilic researcli. 

The following figures may Jielp to demonstrate the extent 
of the undertaking as it affected South Australia, where the wheat 
had to be safeguarded from mice, weevils, etc. 

The crop carried over from 1917-18 and in stacks was 42,000,000 
bushels. The 1918 crop was 2(5,000,000 bushels, making a total 
of 68,000,000 bushels on hand. Jluring the twelve mouths following 
only about 11,000,000 bushels were disposed of, leaving nearly 
57,000,000 bushels to be carried over to 1918-19. The 1919 crop 
was over 20,000,000 bushels, and left no less than 77,000,000 
bushels to be guarded. 

Some idea of the magnitude of the work can also be gained 
from the following remarks made by JMi’. K. A. Love, who was the 
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Australian Coramissroner for the Royal Commission of Food Supplies 
in London 

“ The cleaning; sterilizing, and handling that had to be under- 
taken in Australia in connection with the wheat was without doubt 
the largest campaign of its sort that the world has ever had to 
undertake. When one considers the enormous amount of labour 
and the handling involved to enable the vast quantities to be cleaned} 
sterilized and made tit for shipment, it was truly colossal. In looking 
back over the work I think we can be proud of the results of our 
labovirs. It is nice to feel, considering the enormous amount of 
thought and worry put into the task, that it was successful in results, 
efficiency and cost. 

“ The gassing campaign without doubt saved an enormous 
amount of money, and enal)led vast quaniities of wheat to be 
held over until they could be 1 rented. ” 

Tlie methods recommeruh'd by the Wheat Weevil (bmmittee, 
as the result of the scientific research carried out by the Department 
of (heniistry, were the following : 

1. Clmnliness. 'I’he weevil was recognized as a pest which 
was fostered bv careless and dirty conditions. Cleaidiness in the 
collection, transport a,nd storage of the wheat was, therefore, advo- 
cated. In storage the chief problem was to jnevejit contamination 
of the stacks from without. I fence the following juecautions 
were enjoined : Absolutely clean stacking sites, inij)ervious insect 
proof floors, thorough cleaning up of old stacking sites, and gutters 
filled with water, oil, or molasses placed around the base of the stacks 
to prevent access of crawling weevils. Stacks were either enclosed 
in hessian and then limewashed or wherever practicable entirely 
enclosed in malthoid sheds. The malthoid sheds, first tried at the 
suggestion of Mr. A. M. Lea, a mendjer of the Wheat Weevil 
Ct)mmittee, proved the most successful. 

2. (his treatment, I'he use; of ])oison gas for the extermina- 
tion of vermin is by no means a new idea, and as far back as 1890 
gas plants were used in South Australia for the purpose of suffocating 
rabbits in their buriows by means of air dejrrived of its free oxygen 
by being passed tlirough a fire. During the modse plague of 191 6-1 7, 
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Dr. Hargreaves had suggested the vse of a gas producer plant for 
providing large quantities of c.hei.p gas for the exterminatioi of mice, 
and in the middle of 1917, Mi. Saunders of ( 'lutterlmcl Bros., of 
Adelaide, expen me ntt'd witli | i(Mluccr gas as a iu(*ans ol dcstroving 
weevils, but tfu^sn initial experi aant were unsati factory. ])ecausc 
the treatment was not contiimed norlv long (‘iiough. Carbon 
dioxide compresstal in cylin/leis had been advraated in I.S98 bv 
Noel Paton, and in 1911. 1912 and 19i:i by Barnes an<l drove, 
bnt their methods were ])r.»hibitive on aceount of eos(. it was rud 
until the time factor was shown to Ire an important one, l»v experi- 
ments with weevils in closed botth's, ca.ried out in Januarv 1918 
by Mr. SpafEord, a nimnber of lh(> Committee, that gas treatment 
was found effective. 

Mr. I). C. W interlrottoiu. Chmnist in tin' Departiuent of 
Chemistry, was I ransfen(“(l to the South Australian Wheat Seheiiie 
as offurr siijrervising weevil destruction, and lie inst.illed tlie first 
gas plant in xVustralia. It w.is a decided success. Subsequently, 
otlier plants were installed by him in South Airstralia and Vict<*iia, 
and similar plants were itsed in Western Airstralia. The operation 
of the.se gas plants in South Au.stralia tvas placed in the hands of 
Messrs. S. 1). Shield and K. J’engelly, r'esearcli chemists of the 
Department of Chemi.stry, and in Victoria the plants were in cJiai'ge 
of Mr. P. J. Thompson, of the Melbourne University. 

Idle method employed was as follows :--d'Jie stacked grain was 
entirely enclosed in sheds covered with malthoid or similar material 
made as nearly air-tiglit as po.ssib]e. d’hen air freed fiom free 
oxygen by Ireing passed tJi rough a furnace similar to tliat of a gas 
producer, but producing carbon dioxide instead of carbon monoxide, 
was blown into the shed for three or four weeks to asphyxiate the 
insects. Many large stacks were* thus successfully treated. In one 
ca.se the stack contained 200,000 Irags of wheat. 

3. Heat treMment. Tri the cleaning and sliqrruent of the 
weevilly wheat, Jreat treatment to a tmnpcratnrc of J40" or 150° 
PahrenlKut was found to be the most effective metliod of checking 
further outbreak of weevil. Soon after research was commenced 
in August 1917, Mr. Win tor bottom found that this would probably 
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be a successful method, and experiments were made to see the 
effects of heat treatment on the wheat. It was proved that the 
flour and bread making properties were not impaired. A machine 
was invented in the Department of Chemistry and erected at Port 
Adelaide which killed all the insects passerl through it without 
damaging the wheat. This nas the first successful heat treatment 
plant in Australia. 

Professor Lefroy was working on behalf of the British 
Commission in Sydney, and he investifratod a large number of 
devices for de.stroying weevils, including a number of heat treatment 
machines designed by different inventors. He finally adopted the 
Poole and Steele Machine. At fii‘st this machine was not successful, 
but Dr. Hargreaves was able, as a result of e.\])erionce gained ])y the 
research experiments, to suggest, at a conference in Sydney i)i March 
1918, certain modifications which resulted iii the successful working 
of the machine, which was th<*n ado])ted by the British Commission. 

The eflVcts of this successful end If) the investigations will 
be more far-reaching than they ap])ear at first sight. Not only can 
the saving of the wheat stored during the war. which would otherwise 
have been destroyed by insect pests, be directly credited to scientific 
research, but the results obtained have demonstrated the practical 
value of the methods used. These methods tam be used in future, 
so that the total money value of the research is beyond assessment. 



A NEW PROt'ERS OK SEER .ARWRATIOX ♦ 


HY 

A KA«TirA.M, 

C/iii'f .1 iiiili/.'il, Dr/jfitiniriit of A'li iilhur, I 'iidiiiJu. 

A XKW nielliod f>f cloauiii'i and ^railiii;; seeds and uraiii lias 
been invented and ])a<en1ed by Mr. K. I). Eddy, fnrnierly Cliiet 
Seed Inspeetor (»l lln- DejiartnieiiT of Afrrieiilture. ( 'anada. In tlie 
proc(Ss of sejiaration neither si ie<-ns nor aii currents are used, the 
separation being made entirely on the ba.sis of comparative 
specific gravity. This IkS effected by .subjecting the .stock being 
treated to centrifugal action in the prestnice of a liquid which is 
of the specific gravity re<pnre<l for the separtitiojis de.sired. The 
patent claims include the folloAving : 

" The method of separating grain and .seeds into twt) grades or 
qualities, one lighter and one heavier, on the ba.si.s of conqiarative 
.specific gravity by subjecting the same to a centrifugal action in t he 
presence of a liquid having a detisity greater than flu* lighter grade 
and equal to or less than the density of the seeds or contained 
material conqtosing the heavier grade ; the density of the liquid to 
be varied according to the .separation desired.” 

'File specific gravity of the liquid is varied according to the 
comparative weight of the seeds to besejiarated. A suitable material 
for making a liquid of the desired densit y is sodium nitrate but other 
substances may be used. With seeds weighing aiiout sixty pounds 
per measured bushel, siu'h as allalta and clovers, a solution of about 
1-2 specific gravity is required. The best jmint of density varies with 


Reprint rd fr.»m Thr Agn. of t'amidn, Vol. VII, No. 11, 
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different kinds of seeds and the severity of the separation desired. 
By regulating the density of the liquid the proportion of the seeds 
which pass into the heavy and light separations is under perfect 
control. With clover seed, for instance, all weed seeds and other 
foreign matter, as well as shrunken, immat.ure and light weight 
clover seeds of a lower specific gravity than the liquid are separated 
from those seeds which are as heavy as, or heavier than, the liquid. 
Tlie proportion of clover seeds which will go into the light separation 
can be accurately regulated according to the (diaracter of tJie sam])le 
and the separaiion required. 

The fact' that most of the weed seeds commonly found in 
(clover seeds are of a slightly less specific gravity than good clover 
seeds makes possible' some remarkable separations by this process. 
With the. ordinary methods of cleaning it is impossible to make a 
thorough separaiion of weed seeds froin clover seeds if (he former are 
a})}»roxiniately the same si/e as the clover seeds and closely similar 
in specific gravity. Cleaning this type of se<'d by screens and wind 
blast is tar Irom thorough and involves a heavy loss of good seed. 
The advantages of the new process in such cases may be realiz('d 
from the results of recent experiments made iji the seed laboiatory. 
Some t)f the results were s(!cured with a small experimental machine 
and otlu'js with a machine designed for continuous work on a 
cojurnercial scale. 

Tests of sev(‘ral sanq)les of red <h)ver show a perfect separation 
of several kinds of the most common weed se('ds classed as noxious 
under the Seed (lontrol Act, including ragweed, (Canada thistle, 
wild mustard, ox-eye daisy' and stickseed, while others, such as 
ribgrass, cam})ions and docks, were materially reduced. One lot of 
red clover screenings containing about one quarter ragweed seed> 
hulled and unhulled, was treated, and the cleaned seed was entirely 
free, from ragweed with practically no loss of good seed. Almost 
equally valuable are the. results in reducij)g the less harmful species 
including green foxtail which is the most common weed seed in red 
clover. 

With alsike seed, perfe<*t tieparations -wei'e made of false flax, 
Canada thistle, ox-eye daisy and unhulled timethy seed, while sheep 
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sorrel, foxtail and lambs quarters were almost entirely eliminated 
without material loss of good 83ed. 

The results with alfalfa soed were especially promising, for they 
indicate that it may be pcssible to remove the .veed sseds which 
have made it very difficult to prf)duc(‘ clean s .'ed in Wcslorn Canada 
and the Western States. The m< st troublesome .''eeds in alfalfa 
seed growing in the West are probaldy Russian thistle, stink-weed 
and wild mustard. .At present it is alnu.’St impossible to procure 
alfalfa seed grown in Western Canada or the North-Western States 
which docs not contain one or more of these weed seeds. Rnrther- 
more, in many eases they are present in such large numbers that 
even after heavy hiss in cleaning, the alfalfa B.*ed is alimst 
unmarketable and its production unprofitable. One lot of^ili'alfa 
seed containing over two thousand stink-weed s?eds per ounce was 
subjected to the n<‘w s 'pa rati<m ])roccss and the cleaned seed was 
f ind entirely fr('e from these wi-ed sceits and there was no loss of 
alfalfa except a few light and shrunken seeds whoso removal 
improved the sample. Equally good results were shown with a 
sample contaitiing Eussian thistle seed. Wild mustard was also 
readily separated front alfalfa as well as from t he clovers. 

In the case of timothy seed most samples consist of both hulled 
and unhulled seed which interferes somewhat with the removal of 
the weed seeds. W'ith lots, however, containing only a small 
per(;entage of hulled soed some very effective soparations of sheep 
sorrel, lambs quarteis and other common weed soeds were made, 
A separation of perhaj s more value for laboratory purjn s:s than 
for commercial work is that of hulled from unhulled timothy soed. 
Numerous tcsls with differetit percentages of hulled soed showed 
perfect soparation. That this sq)aration is pcssible is evidence of 
the accuracy of the process in dividing samples on the" specific 
gravity basis. 

Tesls so far made have been mostly with small seeds. 
It is expected, however, that valuable results will be secured 
also with grains by removing barley and oats from wheat, 
oats from barley, etc., in addition to the separation of weed 
seeds. 


e 
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The process is, we understand, now being developed with the 
idea of putting it on a commercial basis. Should this be accom- 
plished and the results obtained with seeds cleaned for general 
commerce be equal to those shown in the experimental tests, there 
should be a great improvement in the purity and general quality of 
the seed available, and the seed growing possibilities both for small 
seeds and seed grain will be greatly increased. 



A SIMPLE POLLINATING APPARATUS. 

With tlie increasing lecognition of ilte value of t ross-pollination 
as means of producing superior strains of ag'icultiiral crops, repeated 
attempts are conlintKaisly being made to 3im]>lify the maiiipulalions 
involved in the process. 'I’he " Botanical (Tuzotte,” for .Itilv 1919, 
describes an apfuiratiis invented by Mr. Marie (loulter, of the 
University of Uhicago, under the title ” A (lorn Pollinator.’' 

The VTiler has liceti using, with coirsidera ble success and for over 
live years, an apparatus of his own design in the cro.ss- pollination 
of sugaivanes at the Sugarcane-breeding Station. (V)iml)atore, and, 
as this vvoidd appear to possess certain distinct advantages, it is 
described below. 

The pollen intended for ciossing is collected from tioweis bagged 
the previous evening, or early tlie same morning long l>efore the 
anthers burst and shed the pollen, 'ri.ssiu' paper bags are us('d for 
tile purpose. The collected pollen is passed through tine-meshed 
wire-gauze which would just allow the pollen to get through and 
free it from pieces of broken anthers or stigmas, often iiuwitable in 
such collections. 

This sieved pollen is subsecpumfly loaded into gelatine capsules 
(Text-fig., ]) available at any druggist’s, where it is used to 
administer un})alatablc medicines. Such cajisulcs used to be available 
pre-war at twelve anmisa hundred and are now to be had at twice 
the price. A slight moistening of the outer edge of the lower half, 
before the insertion of the lid, fastens them together and removes 
all risk of the pollen getting spilt in the subsequent handling. These 
are now treated as so many loaded cartridges and have been found 
very convenient to handle. 
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The arrow (sugarcane flower) to be cross-pollinated is now 
selected, the pollen-charged capsule inserted at the tube end of a 
" blowing ball ” (Text-fig.. 2), and two holes, one at the anterior 



1. Gelatine oapsiilps available at any <lrnj?«i8tR for Htorinjx P'>llen. 

2, A blouin(]f bill ’ Nhowiiij; tlie insertion of a pollen cbarued cap.siile at its tube en«l. 

Sbowing the f^ontle spray of pollen as it eiiianatos fi’oni the free end of the ^elittine 

capsule wbea the blowing ball is operated. 

and a second at the posterior end of the capsule, are made with one 
operation by passing a darning needle through, faking care not to 
puncture tlie india-rubber tubing in tlio process ^^^len the bulb 
of the “ blowing ball ” is operated, a gentle spray, much like what 
happens in Nature when a sugarcane arrow is shaken by the wind or 
genth’^ tfipped, is given out at the free end of the capsule and can be 
directed to any portion of the arrow as desired. (Text-fig., 3.) 

In the experience of the writer the follomng advantages have 
been noticed in favour of the apparatus described above : — 

(1) Ihe pollen spray is very gentle and closely resembles what 

takes place in Nature. The gentle spray conduces to 
economy of pollen, a great desideratum in the 
cross-pollination of sugarcanes. 

(2) There is no risk of breakage and, as the capsules are 

sufficiently cheap to be thrown away each time -after 
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use, there is no chance of a mix-up of different 
pollens at the time of crossing. 

(3) No clogging is experienced in any portion of the 

apparatus, as tlie p dlen is previously sieved. 

(4) There is no risk of a hlow back of the ptdlen, as the valve 

in the '* blcwing ball ” allows the movement of air 
only in one fln ection, viz., away from the free end of 
the capsule. 

(5) Till the time it is actually needed, the pollen is stored 

;i\vay in what to all practical purpesjs are sealed 
receplack's. which niinimizep chances of mistakes. 

(f>) The same apparatus can be used for a huge number of 
cross-pollinations: ail that is needed being a wa.shing 
of the insertion end of the rubber rube, should any 
pollen 1)0 malced at that end. whenever a fresh kind 
of pollen is used. This is ravly necessary if the 
operations arc conducted with a certain amount of 
care and neatness. 

(7) The height at which a particular pollination has to he 
done pn'sents no special dillicidtics. as the outfit is 
light and compact. Sugarcane pollination has often 
to be done at a height of not less than 12 feet. 

ft should be mentioned, however, that, in very moist or dewy 
weather, the gelatim; eapsnles become soft and the sprap’ng 
becoiiies impossible. For the satin' reason the pollen, before loading, 
should be earefully freed from iiny adhering moisture, a usual 
condition when pollen has to be collected after rainy or dewy 
nights. 

In all cross-pollination w'ork it is essential that the pollen 
should bo frequently and repeatedly tested for viability ; as the 
conditions of storage, for how'cvcr brief a period, or the inevitable 
manipulations, how^ever carefully done, often greatly diminish or 
altogether destroy its vitality. It is reported that barley pollen 
loses its viability in about ten minutes in free air. 

The artificial germination of pollen often presents considerable 
difficulties, and the interesting discovery has recently been made 
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that sugarcane pollen genninates freely on the stigmas of Datura 
fastuosa var. alba. This has rendered possible a series of experiments 
on the relative merits of different methods of storage of sugarcane 
pollen ; and it has recently been found possible to keep sugarcane 
pollen viable for over seven days by preventing the dehiscence of 
the anther sacs. [T. S. Vknkatkaman. | 

♦ 

>K * 

A VALUABLE CATTLE FODDER. 

Thk following further Bulletin on the usefulness of haisurai 
(Pliirhea lanceolaln) as a cattle fodder, by Dr. A. E. Parr and Babu 
Puttoo Lai, is being issued l»y the D. P. I)e])artnient of Agricul- 
ture 

Tiftisarai or iosIimi {Plitclirii Ufii'ToInla) is a veiy troublesome 
fai’in \v<*e(l in many parts of the Unit(Ml Provinces, ft. is ])articnlarly 
well known in tfie Agra Divi.sion ajid also occurs over large areas 
in t he districts of .launpur and Benares. In the hot weather months, 
airin' the rahi crops are cut, it is so abundant as to appear like a 
crop on the ground. It is pre-eiuineutly a weed of dry tracts as a 
deep loot system enables it to live and thrive in the dry months 
when less deep-rooted plants die for want of mtiisture. 

It has a peculiar tiiste, a.n<l on this account cattle carefully 
avoid it when grazing. 

Expm'iments were begun some time ago to see it some use 
c(ndd be made of it as cattle fodder. A short account of the early 
results obtained by feeding a mixture of bhusa and baisiirai at the 
Agra district farm has already been published.^ Further experi- 
ments have been carried on at the, Aligarh cxperimmit farm. They 
have yielded very useful ])ractical results, details of Avhich will be 
found below. 

The chief cattle fodder of a great part of the IJnirisd Provinces, 
from the beginning of November until the rahi crops are harvested 
and thn^shed. consi.sts of the di'y stalks of jiiar {Sorfjhtim). This 
does not form an iileal fodder. Tt is coarse and hard even soon 
after it is harvested and becomes more so after a few months of 
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storage. It contains only a small percentage of protein and has 
a large amount of indigestible ingredients. Analyses of haisurai 
show it to have a fairly high perc^mtage of protein or flesh-forming 
material. 

ExperimeJits have now l)een carried on at AUgarh to see if 
young green hrmunn would not be a valuable addition to 
dry juar stalks. The experiiueiiis have now been in progress 
for more than two months and h.ave yielded very interesting 
results. 

Seven bulh)eks were used for the exjrerinienl. Three of these 
wei’c fed on juar stalks only. The other four were given a ration 
made up of half green haisurai and half juar stalks. Each bullock 
was fed separately and each animal got all i he fodder he cared to eat. 
Each bullock was weighed daily and was given fairly regular work. 
The experiment began on the Ist hioveniber and the last weighing 
given in this note w'as made on January G. 

The weights of the various bullocks at the beginning and end 
of the experiment are. given below : — 


Name of 

bullock 

1 Kind of 
! fodder 

Weigh 1 on Jst 
November 

W eight on OIIj ! 
Jaiinary ^ 

Ditfcreuee 

walji A 


i 

. , ! Juar oiilj | 

Mds. 

Id 

Sl.s, j 

1“ 

Md.s. Sih. 

0 2r> 

Sj.--. 

_;i4 

Hissa wala U 


.. 1 Do, 

10 

i 

lU 22 


Atraii’i A 


.. ' Do. 

4 

•1 

li 

-10 

Atratil) 1> 


Baisffrai And 

1 juar 

7 


s 2 

Ml 

Kishon 

w ola A 

.. . Do. 

0 


0 

\- ^ 

Kishpii Singli 

wala r> 

. . 1 Do. 

1 

10 

Ti 

10 2.7 

+ 10 

Nan bat wala 


Do. 

10 


10 14 

-1 ^ 


It will be seen from the above table that in every case animals 
fed on juar foddei' alone lost weight, while those fed on juar and 
haisurai gained in weight. 

The figures indicate emphatically the value of the haisurai- 
juar mixture. But to any one experienced in animal naaiiagement 
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the present condition of the bullocks themselves is even more 
striking. The animals fed on the mixture have a sleek well fed 
appearance. Those fed on jmr alone have the staring dull coats 
which are always associated with animals not in a thriving condition. 

Owing to the failure of the rains, fodder is very scarce this 
year, and there will probably be something approaching a fodder 
famine in soin'* of the drier districts. 

In the haimr'.i tract of the Agra Division alone, there are about 
150,000 worlcing l»nlIoclcs. Those (;ould be fed on a quantity of green 
hniftnmi each day with a (■orrc.sj)onding reduction of juar fodder, 
and pi'obably Inior on of hluina. During the nc.vt six months, that 
is (III ling the period tJiaf fodder is likely to be scaj'ce, in this tract 
alone /iaw/m/ coiikl replace two million mauiids of ordinary village 
fodder, This at ju'cseiit prices would mean a saving of roughly 
one-and-a-half miilion rupees. 

The Agra Division instead of being short of fodder would have 
a surplus for sale elsewhere. 

* 

* * 

PRICKLY PEAR AS FODDER TOR MILCH CATTLE 

In India, prickly pear is not ordinarily used as a cattle food, 
but only during ])erioda of famine when no other fodder is readily 
available. I’lie cactus is roasted over a village forge and chopped 
fine before being given to the cattle in combination with Ivdbi 
(dry Soiy/iuin stalks) or cotton .seed. It will be J'ernenibered that 
during the last fodder famine in 1919 in the Bombay Presidency 
at one time as many as 34,000 cattle were feeding on this preparation 
in the district' of Ahmednug.ar alone. In reviewing the work of 
cactus “ kitchens ” maintained by Government for famishing cattle, 
Lieut.-Col. G, K. Walker, Superintendent, Civil Veterinary Depart- 
ment, Bombay, remarked that “ there can be no doubt that cattle 
can be maintained on prickly pear, when necessary, without harm.” 
It, jiowever, appears from the following extract taken from the 
“ Journal of the Department of Agriculture, Union of South Africa ’ 
(Vol. I, No. 9), that prickly pear is not merely an emergency fodder, 
but is (tonsidered a valuable foodstuff for milch cattle which increases 
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the “ quantity while maintaining tlie quality of the milk.” “ In 
Corsica and Sardinia, a daily ration of about 50 or 60 lb. per cow, 
comprising prickly pear finely cut up, mixed with bran or dry 
grass, was fed to impoveri sited cows, which liad almost creased their 
supplies, with good results. Mr. Martin, wliose experience in feeding 
prickly pear to oxen has been quoted above, fou* d his milk supply 
greatly augmented by utilizing jnickly ])ear as a feed for his milch 
cows. In Mexico, milch cows mainlaitied their yields, in spite of 
the increasing coldness ot the season, wlunt led on prickly pear, 
thus minimizing the need of ]» rchasing expensive winter foddera.” 
[Editor. 1 

* 

* * 

THE MAKURIAL VALUE OF COTTON BUSH. 

Thf following notes ''v the Acting Assislatit Chemi.st of the 
A.gricultural Dcpartnanl. f^t. Kiits-iSi vis. c.re reproduced from 
(he report on the .Agih iiltural I tepartmeiit of that Presidency for 
the year 1918-19. The results of the experiments undertaken by 
Mr. Kelsick seetn to justify his conclusion that the practice of 
burning cotton plants hdt on the land after picking the cotton is 
ujiadvisable, except for special reasons relating to the control of 
insect or fungus pests. 

The practice of burning the remains of cotton plants left on 
the land after reaping has been, aiul still is, a general one in the 
cotton-growing islands in the West Indies, with the exception of 
>Sl. Kitts where the lmsh(*s ha v'^c* always been buried under the banks. 

The reason for burning, which is (mforced fiy law in all West 
Indian cotton-growing islands, e.xcept 8t. Kitts and Nevis, was the 
erjidication of insect, and fungus posts, l>nt. in a paper by the 
.Agricultural Superint<;iKient, 8fc. Kitts- .Nevis, “ Notes on the 
destruction of cotton bushes by burning ” (WeM Irulian BuUeiin, Vol. 
XV, p. 319), it was pointed out that at La. fJuerite Experiment 
Station, where cotton was grown continnously, Imrying the bushes 
had been done instead of burning for some years with no increase 
of disease, and a change from bmning to burying was strongly 
advocated. 
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The followng notes have been written to show to what extent 
the fertility of the soil is being depleted in those islands where cotton 
bush is destroyed by burning. 

In 1918, the bush remaining on the no- manure and pen-manure 
plots of the cotton manmia! experiments was weighed after the 
crop hi)d been reaped; with the following lesults : — 



No-manure 

Pen-manure 


lb. 

lb. 

iSen'es 1 

1591 

2341 

2 

148 

254 

Mean 

15.3' 

2444 

Per acre 

6J40 

9,780 


7’his amount of organic material nu'ght be considered small, 
hut in. tropical countries where the decay of organic matter is 
very rapid, and the supply of organic m.iniues usually hnidequafe, 
any material which will help to maintain the liumus content of 
the soil is valualde. It will, therefore, be seen that hy burning 
the bushes there is an appreciable loss of useful material every year. 

The amoimts of nitrogen, phosphoric acid, and potash present 
in an average sample of tliis material was determined, and the 
following liguies obtiiined : — 

Nitronen ... ... ... ... per cent. 

Phottplioric acid ... ... ... 1*41) „ ,, (on air-dry material) 

Potash ... ... ... .. 2 35 

These tigures show that the bush has a high manurial value, 
and although some cousidei’ation must be given to ihe fact, that it 
is retur ned to th(‘ land in a very undccompose<l state, yet its value 
as a supply of potential plant food cannot he questioned. 

The amount of manurial constituents removed annually from 
land yielding at the rate of 1,000 lb. of seed-cotton per acre would 
be about as follows : — 

Nitroi^ii ... 26*32 lb. per acre. 

Phosphoric acid ... Pi’S? ,, „ „ 

Potash ... ... 11-96 

In computing these figures, use has been nuide of tlie figures 
given in the “West Indian Bulletin,” Vol. V, for the composition of 
Sea Island cotton-seed. 
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The amount of raanurial constituents returned to the soil by 
burying the remains of the plants would be about as follows : — 

Nitrogen . . ... ... ... 171 "O lb. per acre 

Phosphoric acid ... ... 111'44 ,, „ „ 

Potash ... ... ... 187‘1 ,, „ ,, 

It will, therefore, be seen tliat the amounts of nitrogei', phos- 
phoric acid, and potash returned to the* soil by burying the old 
plants are grejitly in excess of those' removed in the seed and 
lint. 

Consideration of the foregoing facts makes it evidejit that the 
practice of bimiiug the u niaii s of cotton plants is detrimental to 
t,Le fertility of the land, bi the (irsl plac'* there is the loss of an 
appreciable anioimt of organic material, so ('Sl^•'ntial for maintaining 
the fertility of tropii-al soil.s : .tnd serimdly, t he land is deprived of a 
valuable stipplv oJ iiitiMgeti. 

The contimiatioti <>1 llte pi.ittKM must even'ually lead to a 
.state of unjtroductiveness, (‘SjK'ci.iil}’ in tin' c.ise of light soils, unless 
ample sit])plies of organic manures are available. [Agriridtaral 
Ncas, No. 475, (hited lOth .Inly. I020.J 

* 

# * 

A NEW CANE-CUTTER. 

A NEW cane-cutter, invented by Mr. .lolm A. Paine, of the 
United Fruit Company’s factory :it. Preston. Cuba, has recently 
beei. tested in Cuba with, it is said, satisfactory results. 

The mat'.himi is of a huge trtictor type, weighing between 5 and 
6 tons, and is propelled by ga.solene-driven motor. It is capable 
of maintaining a speed of (> miles ])er hour under favourable 
conditions. The inventor claims for it .a capacity of cutting and 
hatidling 60 tons of cane per hour. The cutting is done by a 24-in. 
circular saw, fitted to a levolving shaft at the. head of the machine 
and driven by a moPir which is conti'ollod by one man, who can 
adjust the position of tJie saw too higJt or low, to suit cutting 
t;onditions as desired. I'he harvesting arrangement provides for a 
series of grips wliich automatically catch the cane as 'it is being cut 
and remove tlie losives by a stripping process, thence dropping the 
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stalks of cut and trimmed cane to a conveyor which carries them 
back and drops them to trailer cars following and drawn by the 
tractor. The automatic grips will work along the side of an 
extension and ahead of the cutter and following one row of cane, 
but in this first test of the machine these parts were not fitted, 
nor was the conveyor, so this article will not attempt to deal 
with the possibilities of these added harvesting improvements. 

When it is considered a good day’s work for one man to cut 
cane at the rate of 3 to 4 tons par day, it will be obvious, says the 
“Cuba Review’' (to which the •‘Circular" is indebted for this 
information), that the economy and added production secured by this 
two-man cutter and harvester will be enormous, if it is finally proven 
to be the success now expected of it. The cutting principle is 
regarded as sound, and it was demonstrated without question that 
the saw will cut the cane at the level of the ground. [The West 
India Committee Circular, Xo. 576, dated 28th October, 1920.] 

* 

GERMANS INCREASE CROPS BY FERTILIZING THE AIR. 

That plants, through their leaves, feed upon the carbonic acid 
of the atmosphere, besides other elements taken uj) out of the soil, 
has long been known. But while the plant physiologists have 
hitherto staidied the problem of incieasing the production of crops 
by applying fertilizers to the soil, they have never tlumght it 
possible to get lai’ger yields by fertilizing the air. 

But. that this latter is possible has been fully proved during 
the last three*, years by certain (jlerman chemists. Starting with 
the known fact that the carbonic acid contained in the air is slight — 
the avei'age is said to be only 0’03 per cent.— tliey cjoncluded that a 
considerable addition of that gas to the atmosphej'e shouhl increase 
the growth in plants. Tliey made experiments in that direction 
which are now described by Dr. V. Riedel in “ Stahl und Eisen,’ 
the organ of the German iron industry. 

Jt was well known to chemists that enormous quantities of 
carbonic acid are discharged from blast furnaces. But it is full of 
impurities. In particular it contains sulphur, a^nd it has long been 
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observed that fields adjacent to blast furnaces bear poor crops as a 
consequence. 

The chenaists at one of the l.irgc German iron companies in 
the Essen district accordingly made oxpei’imonls with gas purified 
of sulphur and duly diluted wiih ai»‘. Beginning in 1917, they used 
this purified carbonic acid in gr(‘cnhbus:s. where it was distributed 
through punctured pipes, 

Tlie results were reimrkahle. Eve?) after a few diiys tlx* plants 
treated with grs showed a more vigorous gi’owth lln'’) these in an 
adjacent greenhouse. They began In bh sso?n Ciirlier and their 
general development was much gn'ater. The yield of tomatoes was 
incrersed 175 per cent, and <‘u( ?imbejs 70 })ercent. At the same 
time experimejits also were juade in the o])en air on s (iiare plots 
around which punctured tulas were laid. Ileie at) ittcrea.se ol 
150 })cr cent, in yield of spinach Wits reached. 140 per (•e))t. with 
petatoes, 134 per cent, with lupitus (a legntne), atal loo per cent, 
with barley. 

Encouraged by these results, the chem’sis repeated the 
experiments in 1918 on a much larger scale, using a plot of 30,000 
square meters. This time they got an iiuueaso of 130 per cent, 
with tomatoes, and even 300 per cent, with potatoes. 

Other experiments proved that this fertilization of the air is far 
more effective than that of the soil, even though the latter be on a 
liberal scale. Fertilizing the soil alone gave an 1 8 per cent, increase ; 
but soil and air fertilization together gave an 82 per cent, increase. 
The chemists do not regard the us? of carbonic acid gas as a 
substitute for soil fertilization, but as an addition to it ; both are 
necessary. 

It is believed that this discovery will lead to very important 
results ; it should make every agricultural region adjacent to furnaces 
enormous food producers. Dr. Riedel points out that a battery of 
furnaces producing 1,000 tons of pig iron a day consumes 1,100 tons 
of coke ; also that the carbonic acid gas contained in the fumes 
from that coke could produce 4,000 tons of vegetable substance like 
potatoes, if it could be fully utilized. Of course, it cannot be .fully 
utilized ; but even if so low a figure as 10 per cent, of it cau .be 
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regularly converted into crop products, this would be a result well 
worth striving for. . . 

The discovery opens up a great possibility. May not the 
time come when from every blast furnace will radiate lines of piping 
for miles into the surrounding country ? Each faj-mer vill then make 
his contract with the furnace £o “ turn on the gas ” just as in the 
present irrigation regions water contracts are made. Of course, the 
gas must not bo turned on too strong, for then it would injure the 
health t)f the farm labourers ; but, fortunately, it, is not necessary 
to fej’tilizc the air so strongly as to injure liealth. 'fhe danger point 
t(t health is considerably higher than would be required to 
insure a great increase in crops. {Times-Pica-Yutie, dated 
17th October, 1920.] 

* 

* « 

LESS SEED ; LIGHTER MANURING : GREATER YIELD. 

A Paris correspondent of the Manchester Guardian ” 
statos that considerable attention has been attracted to the agri- 
cultural methods of a farmer (M. I’ion Gaud) in the. province of 
Dauphine. It is asserted that were this farmer’s methods adopted 
two-thirds of the grain now sowji could be saved, which alone w'ould 
be a saving of 4,000,000 quintals of cenials. In addition, there 
would be produced a further 20,000,000 quintals in' France, if it can 
be shown tliat the method leally gives the results claimed.. This 
would enable France to export wdieat instead of importing as at 
present. 

The farmer, in describing his experiments, statrid that in 
exhausted soil where in the preceding years oats could not f)e grown, 
he used only two-fifths of the quantity of grain that would be put 
in similar ground which was worked in the usual fashion. He 
manured with 3 lb. of sulphate of ammonia and 100 lb. of super- 
phoLphate, or 100 times less sulphate of ammonia and 100 times 
less superphosphate than his neighbours. He used no farm manure, 
and estimated his results at 26 per cent, more grain and straw than 
was obtained from simil ar grounds heavily manured and worked 
differently from his method. * 
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His method of cultivation followed the lines advocated by 
Jethro Tull of over a century ago. By turning the soil eight or 
ten times the repeated aeration helped to penetrate the soil with 
the asiote of the air, and so facilitated germination and augmented 
the production. He ploughed the soil from eight to ten times with 
a cultivator nearly two yards wide. 

Following the lines of an Italian scientist, who is experimenting 
with the soaking of grain in a special solution Avhich impregnates 
them with certain salts, he germinated the seeds in soots and 
nitrates. After soaking the grain in a solution, he placed it for 
several minutes in a hath (»f copper sulphate, the grain afterwards 
being placed in heaps until tlie warmth produced the beginnings 
of germination. It was then sowti in lines an inch in depth, the 
machine sowing tlic superphosphates at the same time. The result 
was that imincdiat<‘lv tlic plant look and pushed vigorously. 

* 

* * 

DESTRUCTIVE INSECTS AND PESTS ACT. 

The following Notification has been issued by the Oovernment 
of India in the Department of licvenue and Agricultujo : - - 

In exercise of the jmwers conferred by sul)-seclion (1) of section 
3 of the Destructive Insects and Pests Act, 1914 (II of 1914). the 
Covernor (General in ( Council is pleased to direct that the following 
further amendments shall be made in the rules published with the 
notification of the Grovemment of India in the Department of 
Revenue and Agriculture No. 13-0.. dated the 7th Novcm))cr, 1917, 
namely 

1. In rule 5 of the said rules, for the words “ Fo?nes fiemilostm 
and SphcBrostilhe repem ” the words Fomen semitostus, Sphcerostilhe 
repens and Fusidadimn macrosporum, ” shall be substituted. 

2. In rules 7 and 9 of the said rules, after the word “ Coffee ” 
the words ** and Hevea rubber ” shall be inserted. 



PERSONAL NOTES, APPOINTMENTS AND tRANSEERS, 
MEETINGS AND CONFERENCES, ETC. 



* 

* * 


The New Year’s Honours List contains the following names 
which will he of interest to the Agricultural Department 

K.C.S.I. Phe Hon’ble Sir EmvARi) MAfLAOAN, 

K.C.l.E., C.S.I., Governor of the Punjab 
(sometime Secretary to the Government 
of India, Revenue and Agriculture 
Department). 

The Hon’ble Sir Nicholas Beatson-Bell, 
K.C.I.E., C.S.I., Governor of Assam 

(sometime Director of Land Records and 
Agriculture, Eastern Bengal and Assam). 

Mr. L. J. Kershaiv, C.S.I., C.I.E., Secretary, 
Revenue and Statistics Department, India 
Office (sometime Secretary to the Govern- 
ment of India, Revenue and Agriculture 
Department). 

G.l.U. Mr. D. T. Chadwick, I.C.S., Indian Trade 

Commissioner, London (sometime Director 
of Agriculture, Madras)'. 
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Mr. H. C. Sampson, B.Sc., Deputy Director 
of Agriculture, V & VII Tircles, Madras 
Presidency. 

Dr. E. J. Btttleb, M.B., F.L.S., Imperial 
Mycologist, Pusa. 

Hardor Bahadur. Mr. Lhaow/n Singh, Deputy Superintendent, 

Civil Veterin.ary Department. Burma. 

* 

* * 

Mr. F. J. Warth, B.Sc,, M.Sc., Agricultural Chemist, Burma, 
has been appointed to officiate as Imperial Agricuhui’al Chemist, 
Pusa. 

* 

* * 

Mr. R. F.E.S., ha.s been pho ed on special work 

at Push from 1st November. 1020, ti' 2S|}i F.'brnarv, 1021, to as.sist 
tl.i Imperial Entomohia;i.st in soniuM ilie collecrion of Diptera. 

♦ 

* * 

Mr. G. R. Hilson, B.Sc., will in fut ure be designated as Cotton 
Specialist instead of Economic Botanist for Cotton, Madras. 


Dr. R. V. Norris, Government Agricultural Chemist and 
Acting Principal, Agricultural College, CoimI atore, is granted 
combined leave for nine months. 

♦ 

# 3i( 

Mr. G. R. Hilson, B.Sc., Cotton Specialist, Coimbatore, is 
appointed to act as Principal, Agricultural C'ollege. Coimbatore, 
in addition to his own duties, during the absence of Dr. R. V. Norris 
on leave, or until further orders. 

♦ 

♦ ^ 

Rao Sahib M. R. Ramaswami Sivan, B.A., Assistant Agri- 
cultural Chemist, is appointed to act as Government Agricultural 
Chemist, Madras, during the absence of Dr. R. . Norris on leave, 
until further orders. 
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Hrs Majesty’s Secretary op State has })ecn pleased to 
appoint Mrs. Dorotliy Norris as Government Bacteriologist, 
Madras. 

* 

♦ •* 

Mr. Tl. W. XiiTTLEWOOD l\asl:>een. appointed Dcpnty T>\TcctoT oi 
Agriculture, Livestock, Madras, vic^ Mr. A. Oarruth, resigned. 

* 

3tc If: 

Mr. W. J. Jenkins, avIio lias been appointed Deputy Director of 
Agriculture, Bombay, lias been placed temporarily in charge of the 
jiost of Plant Breeding Exj^ert, rice Mr. H. M. Chibber, deceased. 

♦ 

4: 4c 

Mr. 1*. J. Kerr, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, Bengal, is appointed to act as Second Imperial Officer, 
Bengal Veterinary College, in addition to his own duties. 

♦ 

* * 

The University of Cambridge has conferred the degree of Sc. D. 
on Mr. H. M. Leake, who has also been appointed a member of the 
United Provinces Legislative Council. 

* 

* * 

The Hon'ble Dr, H, M. Leake Dirccior of Agriculture, 
United Proviufcs. .us been grantt’' J.iii'H! leave l.-i one 
year. 

* 

4: 4c 

Mr, G. Clarke, F.I.C., Agricultural Chemist, United Provinces, 
is appointed to officiate as Director of Agriculture, v/re tlie Jlon'ble 
Dr, Leake on combined leave. 

4e 

♦ 4e 

Mr, T. R. Low has been appointed Deputy Direct 
culture, United Provinces. 

♦ 

* * 

Mr, W. N. Harvey, M.S.E.A.C., Deputy Director 
culture. United Provinces, has been granted an e:^naion 
for two months on medical certidcate. 
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Captain W. H. Priston, F.R.C.V.S., has boon appoint-ec] to 
tho Indian Civil Veterinary Department, and posted to the United 
Provinces. 

♦ 

* * 

Mr. C. a. MACiiRAN has been appointed Depvit.y Directov ol 
Agriculture in Bihar and Oiissa. and placed under traiiiing at 
Sipaya. 

♦ 

* * 

Mr. D. P. .Johnston has l)een appointed Deputy Director of 
Agriculture, Tirluit' Circle, Bihat and Orissa, attd posted at 
Sipaya. 

♦ 

♦ * 

Mr. a. I\ Clib’f lias lieen appointed Deputy Director of 
Agriculture, Chota Nagpur f'irclc, Bihar and Orissa, and posted at 
Ranchi. 

♦ 

* * 

Mr. (t. C. Shrrrard, B. A., has been appointed, on return 
from leave, Professor of Agriculttire, Sabour College, Biliar and 
Orissa. 

* 

* * 

Mr. X. S. MrCowAN, B. A., Professor ul Agricullnre, Sabour 
t^ollege, lias been appointed Deputy Director of Agriculture, 
Bhagalpiir C!ircle, BiJiar and Orissa, and posted at Sabour. 

* 

♦ 5i 

Mr. JI, W. Blake lias licou appointed Agricultural Engineer, 
Bihar attd Orissa, with headipiarters at Sabour. 

* 9ic 

Dr. P. E. Lander and Mu. H. IL Stewart have been appointed 
Dgputv Directors of Agrictiltnre in the Punjab, and Lave been posted 

'^'^-^i^ultural College, Lyallpur, for training. 

* 

De 

Brownlie, Agricultural Engineer, Punjab, 
on medical certi^cate for six paonths. 
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Captain U. W. F. Walker,' Professor of Surger}% Punjab 
Veterinarj College, Lahore, is appointed Professor of Sanitary 
Science, in addition to his own duties, relieving Captain K. J. S. 
Dowland, who has been posted under the Superintendent, 
Government Cattle Farm, Hissar, for training. 

♦ 

♦ ♦ 

Captain E. Sewell, Post-Graduate Professor, Punjab Veteri- 
nary College, Lahore, has been attached to the office of the Chief 
Superintendent, Civil Veterinary Department, Punjab, Lahore, for 
training. 

a|; 

♦ ♦ 

The Lieutenant-Governor op Burma has accepted the 
resignation of his appointment tendered by Mr. E. Thompstone, 
B.Sc., Deputy Director of Agriculture, Burma. 

* 

* * 

Mr. Leslie Lord has been appointed Deputy Director of 
Agriculture, Burma, with headquarters at Mandalay. 

♦ 

He * 

Mr. .1. Charlton has been appointed Agricultural Chemist, 
Burma, with headquarters at Mandalay. 

* 

* * 

Mr. T. Rennie, M.R.C.V.S., Superintendent, Civil Veterinary 
Department, Burma, is appointed Veterinary Adviser to the Govern- 
ment of Burma. 

* 

* * 

Captain Albert O’Neill has been appointed Second Superin- 
tendent, Civil Veterinary Department, Burma. 

♦ 

♦ ♦ 

On return from leave, Mr. R. G. Allan, M.A., has been reposted 
as Principal, Agricultural College, Nagpur, » 
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On relief by Mr. Allan, Mr. F. .1. Flymen, A. C. G. I., Principal, 
Agricultural College, Nagpur, hns been appointed Agricultural 
Chemist to Government, Central Provinces. 

* 

♦ ♦ 

Mr. R. T. Pearl, B.Sc., has been appointed Mycologist to 
Government, Central Provinces. 

* 

♦ ♦ 

On relief by Mr. Pearl, the services of Mr. S. L. Ajrekar, B.A., 
Mycologist to Government, Central Provinces, have been replaced 
at the disposal of the Government of Bombay. 

* 

|c He 

Mr. S. T. D. Wallace, B.Sc., Assistant Director of Agriculture, 
Southern Circle, Central Provinces, has been appointed to officiate 
as Deputy Director of Agriculture in the same Circle. 

* 

* * 

Mr. R. H. Hill has been appointed Assistant Director of 
Agriculture, Northern Circle, Central Provinces. 

* 

* * 

Mr. J. C. McDouoall has been appointed Assistant Director 
of Agriculture, Western Circle, Central Provinces. 

* 

* * 

Mr. a. G. Birt, B.Sc., on return from leave, has been appointed 
Deputy Director of Agriculture, Assam Valley, and posted to 
Jorhat. 

* 

* * 

Mr. J. N. Chakrauarty has been appointed, on probation. 
Deputy Director of Agriculture, Assam. 

♦ 

* * 

Sectional Meetings op the Board op Agriculture being 
now a recognized part of departmental activities, Entomologists, 
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Proceedings of the Bombay Provincial Board of Agriculture held a{. 

Poona, on the 9th and 10th June, 1920 [Bumbcij ; Government 

Central Press.] Price, Annas 10. 

The Hon’ble Mr. G. S. Ouriit C.S.T., I. ('.8. Member of the 
Executive Council, Government of Bombay, presided over the 
meetings of the Board, winch were attended by 29 membeij com- 
prised .>f representatives of Agricultural, Revenue. Irrigation and 
Co-ojt ative Departmento, and a number ol private gentlemen 
interested in agricultural development. The subjects discussed 
were : — 

(1) A short report of technical results achieved up-to-date 

b} the Agricultural Bepertment. 

(2) Programme of cotton imiirovcnicnt as laid before Gov- 

ernment. by the Director of Agriculture as a result of 
the report of the Indian <^ltton Coimnittee. 

(.3) The improvement of the manure su])}>ly in the. inten.sively 
cultivated tracts of the Bombay [’residency, including 
the develojinumt of organization for advice as to 
manuring. The (juestion of freight on manures. 

(4) The question of organized attacks on definite plant 
diseases and of further investigation into them. 

(6) The great prevalence of epizootic cattle diseases and 
the policy which should be adopted in regard to 
them. 

(6) The development of agricultural propaganda and the 
part which (a) the co-operative movement, (6) 
agricultural associations and (c) district local boards 
can take in connection with it. 
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(7) The lines of development of education in vernacular 

both specially in agriculture and general in rural areas. 

(8) The closer co-operation between the “ development ” 

departments (agriculture, co-operation, irrigation, 
i..*nitatiou, education, etc.) of Government and the 
’■ (’tiiods by which it can be secured. 

(, ' The j r.sibifity and utility of establishing divisional 
boar ’ ol .'|i.Ticul(u e to discuss local problems and 
to be idi.n^d in ’he vernacular. 

L*) '('h 'l '"M r orgai ’zation of the work of the Agri'mltural 
Ji oriy - f^v 

Hi) "T^fie fina ci i. of the sale of pure and improved cotton 
by co-op> "ative so(-ieties or otherwise. 

Discussions were prim.»rily based on notes on the various 
subjects submitted by the officers mainly concerned in them, and 
elicited a number of suggestions which will, no doubt, be of consi- 
derable help to the “ development ” departments (agriculture, 
veterinary, co-operative, etc.) of the province. On most of the 
subjects no formal resolutions were passed. 

In dealing with the question of freight on manures, tlie Board 
unanimously resolved that the Government of Bombay should 
be approached to ask Railway Companies to charge minimum rates 
of freight oir the carriage of manures.” It is well known that at 
present the freight is proportionately high in comparison with the 
cost price of manures, and tends to limit their use. The question of 
redrretion in the freight on manures Iras, for sometime past, engaged 
the attention of the Agricirltural Departmeirt and similar resolu- 
tions were passed at the Board of Agriculture in Irrdia, 1917, and 
later on at the First Meeting of Agricirltmal Chemists and Bacte- 
riologists. 1919, with the resirlt that the Agents of the various 
railways liave been asked by the Goverirment of India to give 
special consideration to applications by Local Governments for 
reduced rates. 

It was agreed that District Boards of Agriculture should be 
held in the Presidency in order to bring local problems into greater 
prominence. [Editob.] » 
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TNFLIIENC® OF S'lWK ON SCION. 

To The Editor, 

The Aqriodtnral Jounutl oj India. 

Sib, 

While reading I\[r. S. H. Prayag’s article on the reciprocal 
influence of stock and scion, published in Vol. XV, Part V (1920), of 
“The Agricultural Journal of India,” there occurred to me some 
points which, I think, might interest the author as well as other 
readers. 

(a) The first point is in comiection with the grafts between the 
different genera of the Anacardiacete of which he speaks on page 641 
of the Journal. I have ob.served one c^asc in (Joa, where mango has 
been successfully grafted on Sjwtidias mmgijera {Ambado). The 
fruits of this graft were extremely sour and were, therefore, used 
only in pickles for which the fruits were much appreciated. I hear 
people in many parts of (loa also resort to this sort of 'grufting when 
they want sour fruits for their jiickles. Such a giafted tree is known 
in Cloa as AnUoh. As far as my observations go, a. mango tree 
grafted on Sjmidlds mangiferu be<-omes dwarfed and shoi t -livcd. 

In view of these facts, it seems to me that the failure of the 
grafts between the different genera in the CJaneslikhind Botanical 
Garden (Poona) was not due to any difference in the physiological 
activities of plants, but simply due to the fact that Poona has a 
climate which is not favourable +o the grafting of anacardiaceous 
plaut;S. For, from what I have heard and seen 1 can say that in 
Poona the mango grafts even on its different species do not establish 
as readily as they do in the Konkan or Goa. Again, the other plants 
of the same order which are mentioned on the same page do imt 
thrive in Poona so well as they do in the Konkan *and Goa. Hence 
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the chief reasons, T am incH» •) think, wh"'* his attempts to make 
grafts between different '^en< va t l <lie Anacatdiaceae have met with 
failure in the Ganeslikl hid Botanical Garden, are: 

(1) The clinif’tc i.« lu f:.v( arable ^ -r the luxiiii^at growth 
of the plants. 

(2) The climate is Un.l e\v*» the K‘<ihe grafting of 

iriangoea lias not be<-ii vcj . successful. 

(3) The expexinients made were ex . . 'y jo- 

Hence Ii' Avill bo worthwhile lo lepc.at th^' ■ ^pejiinents in 
places like Kunar: and Goa. heali ies pre-eminenMy suited for 
the growing of anacardiaciMuis trees and making their grafts. 

(h) 'riie second pom! is about I he grafting of Chihi {Achrds 
sapola) on liyan {Mimusops hexartdra), also mentioned on the same 
page. There are persons in Bassein and Golwad (Thana District) 
who believe, that the Ryan, or Ranjnnt as they call it, exerts an 
i'nurious influence oxi the CMJea. scion in the direction mentioned 
by the writer. But my inquiries hitherto made go to show that 
they have no evidences to back their theory wliich, as far as I have 
been able to ascertain, is upheld only hy some educated persons. 
The ignorant cultivators rarely graft Chikus and when they do, 
they do on Chiku stocks. Besides, most of those who believe in 
the above theory have also another one which is the converse of 
the above ; every shy bearing Chiku must heve been grafted on the 
Ranjnnt. ^.Phc only case tliat they were able to cite in support of 
their belief was the one cited by Mi’. 1*. (1. Joshi, formerly the 
Curator of tlic late Bassein Botanical Garden, in “ The Poona 
Agricultural College Magazine” (Vol. VI, Pt. 4). But his obser- 
vations are not very conclusive since they were made on only one 
plant which might have been influenced in vaiious other ways. 

Hence it will be of extreme interest if Mr. Prayag were to make 
it clear as to the basis of his following statement : “ it has been found 
by experience in Bassein garden that they (meaning the Chiku 
grafts on Ranjant) do not yield more than 16 fruits per tree.” 

Yours faithfully, 

C. X. Fuetado. 


College op Aoricultore, Poona : 
January 18, 1921. 
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NEW BOOKS 


ON va.:X'l"LTURE AND ALLIED SUBJECTS 


1. B; s >■! of .ciiJtiiral Practice aiul Ecouoruics in the 
T'-.i'oii Provihcos. India, by H. Martin Leake, M. A., Sc.D., 
F. L. S. (('anibridge ; W. Heffer & Sons.) Price, 15a-. net. 

2. Lessons on Indian Agriculture, by D. Clouston, C.I.E., 

M. A., B, Sc. Illustrated. (London : Macmillan & Co.) 
Price, 35. 6d. 

3. Weeds of Farm Land, by Dr. Winifred E. Brenchley. Pp. x 

+ 239. (London : Longmans, Green & Co.) Price, 12s. 6d. 
net. 

4. Manual of Tropical and Subtropical Fruits : Excluding the 

Banana, Coconut, Pine apple, Citrus fruits, Olive and Fig, 
by W. Popenoe. (Rural Manuals.) Pp. xv+474-|-xxiv 
plates. (London : Macmillan & Co.) Price, 3()s. net. 

5. A Course of I’ractical Physiology for Agricultural Students, 

by J. Hammond and E. T. Hainan. Pp. 106. (Cambridge. 
At the University Press.) Price, 4i'. 6d. net. 

6. Text-Book of l^l8toral atid Agricadtural Botany, by Prof. 

John W. Harsliberger. P]). xiii -1-294. (Philadelphia: P. 
Blakiston's Son & Co.) J’ricc, 2 dollars. 

7. A Text-Book of Plant Biology, by Prof. W. N. Jones and 

Dr. M. C. Rayner. Pp. viii-l-262-l-vi plates. (London : 
Methuen & Co.) Price, 7s. 

8. An Introduction to the Structure and Reproduction of Plants, 

by Prof. F. E. Fritch and Dr. E. J. Salisbury. Pp. viii 468_ 
(London : G. Bell and Sons, Ltd.) Price, 16s. net. 

9. Productive Soils. The Fundamentals of Successful Soil 

Management and Profitable Crop Production, by W. W. Weir. 
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Pp. xvi + 398. (Philadelphia and London . .1. B Lippi iicott 
Co.) Price, 10s. %d. r<‘t. 

10. A Farmer’s Handbook: A Manual for Stud ' ^ nd ff.e i ici' . 

by R. C. Andrew. Pp. x /i 120 xl i ( e.ib . : 
G. Bell and Sons, Ltd.) Price, ().y. net. 

11. Laboratory Manual of Organic Chemistry, b'' Dr. H. 1.. Kisher. 

Pp. X ' 331. (New Vh.»rk: .1 Wiley .u > '.'ons. !■ ; 1 .)ndon : 

Chapman and Hall, Ltd.) Price, 12s. 6d. Jict. 

12. Agrieu’turai 0 xdngy, by Dr. F, Emerson. Pp- xviiid-319. 

(New Yurk : .1. Wiley and Sons, Tnc.; Londrui ; (!hapman and 
Hall, Ltd.) Price ] .is. (ij. net. 

13. Root Developiuem in the Criiisiand f'orm.-itioi. : A Correlation 

of the Root. Systems of Native Yegetation and Crop Plants, by 
Prof. J. 111. Weaver. Pp. 151 -f*Platcs. (AVashihgton ; 
Carnegie Institution.) 

The following publications have been issued by the Imperial 
Department of Agricult ure since our last issue : — 

Mermirs. 

1. Studies in Diseases of the .Jute Plant. (1) Diplodia Corckori 

Syd., by F. ,T. F. Shaw, D.Sc., A.R.C.S., F.L.S. (Botanical 
Series, Vol. XI. No. 2.) Price, Rs. 2 or 2s. 8d. 

2. Morphology and Parasitism of Acrothiciam Penniseli n. sp. 

(A new Disease of Pennisetmn ti/phoideum), by Manoranjan 
Mitra, M.St;. (Botanical Series, Vol. XI, No. 3.) J’ricc, R. 1-4 
or 2s. 

3. Windrowing Sugari-.ane in the North-West Frt)ntier Province. 

Part I. — The Effect on the Economical and Agricultural 
Situation, by W. Robertson Brown. Part II. -The Effect on 
the Composition of Sugarcane, by W. H. Harrison, D.Sc., 
and P. B. Sanyal, M.Sc. (Chemical Series, Vol. V, No. 10.) 
Price, As. 12 or Is. 

4. Life-histories of Indian Insects : Microlepidoptera, by T. 

Bainbrigge Fleteher, R.N., F.L.S., F.E.S., F.Z.S. (Entomo- 
logical Series, Vol, VI, Nos. 1-9.) Price, Rs. 7-8 or 11s. 3d. 
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Indigo Pnhlicaiions. 

1. The Conditions affecting the Quality of the Java Indigo Plant 

(Leaf Yield and Richness of the Leaf in Indigotin), by W. A. 
Davis, B.Sc., A.C.G.I. (Indigo Publication No. 7.) 
Price, As. 9. 

2. Note on the Development of the Indigo Industry in Assam in 

conjunction with Tea and other Crops, by W. A. Davis, B.Sc., 
A.C.G.I. (Indigo Publication No. 8.) Price, As. 3. 

Report, 

1. Review of the Agricultural Operations in India, 1919-20. 
Price, R. 1-4, 



PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
ACRICULTURE IN INDIA 


TO Bl BAD FROM 


The OmoB or the AaKiouLTUKAL Adviser to the Oovernhent or Inou, Pusa. Bihar, 

and from tho following Agmtt • 


(1) THACKER, SPINK k GO., Calcutta. 

(2) W. NEWMAN k CO., Calcutta. 

(3) Rai M. C. SAUKAH BAHADUR k 

SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras. 
(6) THOMPSON AGO., Madras. 

(6) D. B. TARAPOREVALA, SONS k 
GO., Bombay. 


(7) THACKER k CO., LTD., Bombay. 

(8) SUNDER PANDUKANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 

SONS, Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 

DEPOT, Nagpur, 


A complete list of the publlcatloas of the Imperial Department of 
Agriculture in India oan be obtained on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 


These publications are 

1. The Agricultural Journal of India, A Journal dealing with tiibjeuta connected with 
agrioultural eoonomios, field and ^rden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matters 
in India. Illiistrationi, including coloured plates, form a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Suhtcription^ Rs. 6 or 9«. fid., including 
postage. Single copy, B. 1>8 or 2 j. 

2. Scientific Reports of the Agricultural Research Institute, Pusa. 

X Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series, 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa, 

5. Indigo Publications. 

9. Books. 

The following are the publications of the last two years : — 

Bdentifio Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1918-19. Price, R. 1-4 or 2t. 

Boientifio Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Seototary, Sugar Bureau), for the year 19I9’90, Price, R. 1, 
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Report on the Proffreti of Aflrrionltiire in India, for the year 1918-19. Prioe, R. 1-8 or 2f. 

Review of Afrnoultnral Operations in India, 1919-20. Price, R. 1-4. 

Proceeding^ of the Board of Affricultnre in India, held at Piisa on the let December, 1919, and 
following: days (with Appendices). Price, As. 12 or 1#. SW. 

Procpedincrs of the Second Meeting: of Mycologdcal Workers in India, held at Fnsa on the 
20th February, 1919, and following: days. Price, As. 11 or li. 

Froceedingrs of the First Meetinfr of Agricultural Chemists and Bacteriologists, held at Pnsa 
on 24th February, 1919, and following: days. Price. R. 1 or Ijt. 6/i. 

Proceedings of the First Meeting of Veterinary Officers in India, held at Lahore on the 
24th March, 1919, and following days (with Appendices). Price, As. 8 or 9/4. 

Procei^ii>gs of the Third Entomological Meeting, held at Pusa in February 1919. Price, 
Rs. 17-8. 


MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 

Vol. X, No. I. The Rice Worm (Tylmchus angufint) and its Control, by E. J, Butlrr, 
M.B,, F.L.8. Pi ice. R, 1*4 or 2 j». 

Vol. X, No. IT. Studies in Indian Siigarcanes, No. 4. Tillering or Underground Branch- 
ing. by O. A. Bahhkr. o.I.k., sc.n., F.L.S. Price. U. 4-4 or 7#. 

Vol. X, No. III. Studies in Indian Siigarcanes. No 5. On testing the suitability of sugar- 
cane vaiieties for ditferent localities, by a system of measurements. 
Periodicity in the giowth of the sugarcane, by C. A. Barhkr, C.I.E., 
sc n.. P L.8. Price, H. 1-12 or 

Voi X, No. IV. A Pythium Disease of Ginger, Tobacco and Papaya, by L. S. SUBKAMA- 
NIAM. Price, R. 1-8 or 2jr. 6#/, 

Vol. X, No. V, Studies in the Pollinetion of Indian Crops, 1. by A. HoWAun, C.I.K,, M.A. ; 

Gahrikilk L. i\ Howard, m.a. ; and Abdur Rauman Khan. Price, 
H. 1-4 or *2h Hd. 

Vol. X, No. VI. “Kiiinpta” rotton and its Improvement, by G. L. Kottdr, B. Ag. 
Price, U. 1-12 or 

Vol. XI, No. I. Some Aspects of the Indico Indnstry in Bihar. Part I, The Wilt 
Disease of Indigo. Pa«t 11 The factois underlying the seed pioriiic- 
tion an<l growth of Java Indigo, by Ai.BKRT Howabd, ui.e., m.a., and 
Gahhikli.kI. t’J. Howard, m.a,, with the assistance of ( howdhary 
Ramdhan SiN(3Hand M adlvi Abour Rahman Khan. Price.ll. l-2oi 2r, 

Vol. XI. No. II. Studies in Diseases of the Jute Plant, (I) DipMia -Corrhori, S>d., by 
F. J. F. Shaw, d.sc., a.R c.s,, f.I. r. Price, Rs. 2 or2r. 8d. 

Vol. XL No. III. Moiphology and Parasitism of A r.rnlht^cinm P^nviaHi n. sp. (A New 
Disease of Pennis^tum typhoUleum), by MaNORaNJan Mitra, MJic. 
Price, R, 14 or 2r. 


CHEMICAL SERIES 

Vol. V, No. IV. Cholam (A. ^or^r/jiifw) as a Substitute for Barley in Malting Operations, by 
B. VjisWANATH, T. LAK8HMANA KOW, B.A., and P. A. RaOHUNATHA- 
8WAMI Ayyanoak, Dip. Ag. Price. As. 12 or Is, 

Vol. V, No. V. The Phosphate Hcqiiireincnts of somo Lower Burma Paddy Soils, by 
F. J, Wahth. M.8C.. ff.se , and Mau^g Po Shin, Price, li. 112 or Hs. "id. 
Vol. V, No. VI, Absorption of Limo by Soils, by F. J. Warth, M.sc.. it sc., and Mavng 
Po Saw. Price, 11. 1-2 or 2#. 

Vol. V, Noa. VII & VUl. The Gases of Swamp Rice Soils, V -A Methane-oxidizing 
Bacteniiin from Rice Soils, hy P. A. Surhaumanya AyYar, b a. ; and 

The (iastf*8 of Swamp Rke Soi\8,\l— Ctvvhon Bmide aiid 

relation to Bice Soils, W. H. H AhKiBON , R.8c. Viice, Ns. Vi ov ?»d. 

\o\. V, No. IX. The Retention of Holiib/e Pboupbaifw in Cahnreons dnd Non calCAteoUB 
Soils hy \\ H. llARKibON, D.hc , and Surendba Lal Dab, m.sc. 
^ (In ihfi prm.) 

• Wi^rowing 8ugaicano in the North- West Frontier Province. Parti. 

-2*' Economical aitd Agiicnltiiral Situation, by W. 
10REBT.'‘0N Brown. Part JI, The Effect on the rompOHition of Sugar 
Ari2or u’ HanYal, M.sc, Pric« 



BNTOMOLOaiCAL SBkIBS 


Vol. V, No. V. The Kice Leaf-hoppera (NAphntHtix hipundaius, Fabr. and Nephotettix 
apiralii, Motscb.), by C. S. Misra, b.a. Price, R. 1-8 or 3# 

Vol. V, No. VI. Lnntana Inaecta in India. Bcinjj the Report of an Inquiry into the Effi- 

* ciency of Inditrenona Insect Pests ns a (/heck on the Spread ,of 
Jjanianti in India, bv Rao Sahib Y. Ramachani>ra Rao, m . a ., f E.s. 
Pries. Rs. 2-4 or 4jr. fid, 

Vol. VI Nos. 1 — IX. Life-histories of Indian Inaects: Microlepidop+^ra. by T. RAlNBHlfjGR 

* FLRT<M1F.H, RN., P.L.8., K.K S., F.Z S. Piice, IL 7-8 (»• 11#. 3«/. 

Vol. VII, No.s. I^ II. New Indian Gall Midges (Diprera), by K. P. hi:n ; ind I^oscription 
of a Khinocypbine larva fron» Shillong, by Major F. Fraskr. i.M.a. 
Price, As. 12 or 1#. 

Vol, VII, No. III. Indian Gra.ss Gall Midjjes, by E. P. Felt it'i *he ) 


BACTBkIOLOaiCAL SbKlBK 

Vol. I, No. \ III. Pdbnne in India, by C. M. HrTCiflvso v. r.T.R., B.\, Price, Ks, 3 
or 5if %ii. 

Vol. I, No. IX. Studies on the Root Nodnle Oriranism of the Lejjnmiuons Plnnts, by 
N. V. JosHi, M.sc., B.A., L. \ir. Price, R. 1-4 or 2r. fid. 


VBTBKINAkY SBKIBS 

Vol. Ill, No, 11. The Vindonee of Tubercle Bacilli i^ohated from Bovine Lesiom ’n I:idia, 
by A. L. SHRATHKR, B.V., M.K.(\V.S. {fn ihe pnss.) 

Vol. Ill, No, III. Bovine l.ymptiiifiRitis, by A. L. SHEArnKR, B 8 *. M.R.ovs. [In tf$ 


BULLETINS ISSUED BY TUB AGRICULTURAL KBSBAKCII 
INSTITUTE. PUSA 

No. 8.), Soil DrainaRO, by R. G. Allan, m.a. Price, As. 4 oi 5d, 

No. 86. A New Nematode caiisinR Parasitic Gastritis in (Jalves, by A, L. Sueathkk, B.sc., 
ii.R.( .v.s. Price, As. 4 or 5U, 

■No. 87. A Contribution to our Knowledge of South Indian Coccidao, by T. V. Ra.MakrinHNA 
Ayyar, R.a., f.ks., F.iS.R. Price, As. U or Ij. fid, 

^ No. 88. Cawn pore- American Cotton : An Account of Experiments in itjj Improvement by 
Pure Ijine Selection and of Field Trials, 1918-1*"7, by B. C. Burt, it-^c., and 
Nizamlpdin HajiiER. Price, Ah. 10 or 1#. 

No. 89. Second Hundred Notes on Indian In.sects. Price, R. 1-4 or 2#, 

No. .K). A Malarial Parasite in the Blood of a Buffalo, by A. L. Shkather, b.sc., m r.c v.s, 
Price, As, 6 or 7d. 

No. 91. Notes on Practical Salt Land Reclamation, by G. S. Henderson, n.d. a., n.d.d. 
Price, As. 6. 

No. 92. SynRamuB laryuRons in Cattle and Buffaloes in India, by A. Leklie Suf.atheh, b.ec., 
M.K.o.v.h., and A. W. SHir.8TON, m.r.c.v. 8. Price, As. 6. 

No. 93 The Orange: A Trial of Stocks at Pashawar, by W, Robertson Brown. Price, 
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inpal 


SOME COMMON INDIAN 

No, 9. TTIR nLA(’K-HK.ADED ORIOLE (0RJ0LJJ8 LIJTEOLV^. 


liY 


T HAINLRKUJE KLET^-TIRIL R.N., F.L.S., K.E.S!., F.Z.S., 


f mpe.i'ial EnUimHoiiiM ; 


AND 


r. M. TNOLLS. M.R.O.r., E.E.S., F.Z.S. 

Orioles, commonly called ‘‘ Mango birds ” in fiidia, are well- 
known to all observers of bird life on aeeount. of tlie conspicuous 
yellow wliicli is tlie prevailing hue in eight; out of our nine different 
species, the ninth (0. Iraillii) being black and maroon-red. Of the 
eight species to which the term Yellow Orioles may be applied, only 
two are ciommon in the Plains of India and these are the Indian 
Oriole {Oriolus huidoo) and the Indian Black-headed Oriole 
{0. luleoim), in both of which species the tail is black and yellow 
or green but in the former the nape and croAvn of the head arc 
yellow or greenish-yellow with a small patch of black through the 
eye, whilst in t.he latter species these arc black, as is the upper 
breast. Some females are nearly as brightly coloured as the males. 
Both species are very similar in their habits, being thoroughly 
arboreal birds, rarely seen on the ground, and feeding mostly on 
fruit and such insects as are found on leaves and stems. 

Cunningham, in his book Some Indian Friends and Acqmint- 
ances, gives a charmingly written account of the Black-headed 
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Oriole in Calcutta, in the course of which he says : — “ It would he 
hard to imagine, any plumage m(*re beautiful than that of the mature 
birds with its brilliant contrasts of vivid yellow and shining black ; 
and though that of the hunales and young birds is not so striking, 
owing to the greenish t.one and streakiiiess of the yellow parts, it 
has very decided beauties of its own in its delicate gradations and 
ppucillings of colour. They l)av(>, a truly astonishing variety of 
notes, almost all of them charmingly melodious in character. As a 
rule, they go about in pairs, who pass from tree to tree ‘ crying and 
calling ’ to'one another at brief intervals. When they are in their 
very fullest voice, the one l)ird cries. ‘ Yu, hu a yu.’ and the other 
almost immediately rc^plies, ‘ Tu hfi cc' ; when very much out of 
voice they often can do no nmre than cry ' Te hoc ’ like Alisouu in tlie 
Miller's Talc ; and Ix'tween these extremes there is a Avhole range of 
very distinct calls that, only agree in conveying a sense of joy and 
fulness of life and melodious contentment with it.. All of these, are 
highly characteristic and distinct from the uot('s of any other kinds of 
birds, save one or two of the most fluty cries of tin; common treepies. 
It is delightful to see any living things so full of the pure joy 
of existence as a ])a.ir of Orioles always seem to be Avheji they come 
leaping through the air into a garden, calling as they go ; or, after 
th('V have alighted in a tree, chasing one another about from bough 
to bough with their goldeji plumagi' shining out among the surround- 
ing green. Now and then a solitary bird will take to haunting a 
garden for a time, making its a])pe.aranc.e. regularly day afbw day at 
a particular time, in ordei' to visit certain trees and talk softly to 
itself as it goes on its way ; but it is only when in pairs, or in a small 
family party of three or four birds, such as may sometimes be seen 
sot>n after the nesting season, that they till the air ‘ with their sweet 
jargoning.’ I'he solitary birds occasionally seem t.o be soured by 
the want of com])anionship, and t.ravel round hustling other birds 
and knocking them off their jterches out of gratuitous ill-temper — 
conduct of which paired birds are never guilty. In addition to the 
manifold modifications of their regular melodious calls, they some- 
times utter harshly cawing notes, and the young birds for a time 
indulge in churring cries somewhat like those of starlings.” 
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As noted above, the Black-headed Oriole feeds c-hiefly on fruit 
and small insects. The late W. Mason examined the stomachs of 
twenty-three birds iit. I’usa and found that seventeen of these had 
fed on wild fig fruits and five of t lu'se contained ■i,)thitiig else : the 
eighteen which had fed on insects contained !)5 insects, of winch four 
were classed as beneficial, 73 .'.s iniiirions aiid IS as neutral. Five 
birds had eaten insects i-uly. In the ('cni-" ■’ I rovinces Mr. ID. A. 
D’Abreu found a Pyralid (uiterjhllar ami i< tt. s i. uii in ih.' stomach 
of one bird examined on 24th .January 1914. >it i’l sa also we have 
watched this bird feeding on masses oi a, mealy-bug clustered on the 
stem of a wild vine growing on a sissu f ree. So far as agriculture is 
conc'crncd, therefore, this bird may !«' considered beneficial. It has 
not been noted to attack ultivuited fruits. 

Many authors (c.//.. Oates and Diiwar) note that this bird 
isstrif i ly arboreal in habile, nev('r doscf'ud ing to tiie ground , but it 
is occasionally sc'cn on the ground ca|>t\iring insect... 

Tile nest is a cup-like structure which is usually placed m the 
fork of a branch and hashed in position by means of fibres which are 
wound first around a, branch, then pa.s.sed under the nest, and then 
w'ound around another bough. In the (*.ase of the Indian Oriole 
{(), luiuioo) Dewar {Birds of flic Bhiins, j)p. 13S-13M) notes ; — 
“■ A very curious thing that I have noticed about the Indian Oriole’s 
nest is that it is always situated either in thi same tree as a King- 
crow’s nest or in an adjacent tree. I have seen some thirteen or 
fourteen Orioles' nests since. I first noticed this phenomenon, and 
have ineveiw’ case found a King-crow’s ne.st within ten yards. The 
drongo builds earlier, for it. is usually feeding its young while the 
Oriole is inc\d)ating. It would therefore appeal' that it. is the Oriole 
which elects to build mair tiu' king-crow. I imagine that it does so 
for the sake of protection : it must be a. great, thing for a timid bird 
to have a vigorous policeman all to it.self, a. policeman who will not 
allow a big creature to apyirtiac.h under any j)ret.ext whatever.” 
The Black-headed Oriole, however, does not. seem to have been 
noticed to have police protection in this maimer. 

The breeding season of t he Black-headed Oriole is from March 
to August. Both birds appear to take part in the construction 
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of the nest which is almost always firmly attached to the extreme 
terminal twgs of an upper horizontal branch of a large tree, some 
twelve to thirty feet above ground-level. The nest itself is a 
deep cup, the egg-cavity measuring about three inches in 
diameter and two inches in depth. It is composed chiefly of 
tow-like vegetable fibres, thin slips of bark and the like, and is 
lined inside with very fine tamarisk twigs or thin grass, and on 
the outside it is generally more or less covered over with odds 
and ends, bits of lichen, thin flakes of bark, etc. Three eggs are 
laid as a rule, but occasionally there may be two or four. The 
egg averages about 28'5 mm. long by ]8 mm. broad, the shell fine 
and moderately glossy, usually creamy or pinky white with sparse 
spots and streaks of dark brown and pale inky purple. 

The Black-headed Oriole has long been knowji iii Indian orni- 
thological literature under the specific name w?chwwccp/m/?/s, which is 
Greek for “ black-headed,” a name applied by Linnaeus in 1766 , 
presumably to the male bird. The female, however, was described 
by Linnaeus in 1758 under the name Hlurnus luleolus and, by 
the Law of Priority iu nomenclature, the name luteolus takes 
precedence as the correct name for this bird. 

This Oriole is protected throughout the year in Bombay, the 
United Provinces, Bihar and Orissa, Bengal, Assam, Burma, 
Madras, and Mysore. 



CAMBODIA CdTjW {a{mYPJlfM l[lPr^UTVM). 

ITS DETKRIOV ri'‘X AND ; DXT. * 


i.v 

I!. ITILSON, l{ S(\, 

Collo'i Sfirrialiii/. Mtitlrafi. 

Oambodia fotton is in; 1 -plaiKl Anieiican variety of cot ton. Tt 
was first l»ron<flif to tlic notice of cuitivat.ns in tl.e Madras 
Presidency in 1})07. wlicii a sni.ill <|iiaiirity of un.'-clected sed was 
distributed. Proni tlie beginning; its cnltivatiuii . ^iroad ra.})idly 
until, when the Indian Cotton Coinniitteo nutde tlieir rctiort in 1919, 
the area under this croj) in tins ])residency alone ivas estimated at. 
200,000 acres. 

During tlie linsl fe.n years, the reports reecived from buyers 
regarding tlie ((ua1it\- of the. lint, wcrtt very favourable. Later, 
however, after the, cotton liad been in the hands of the cultivator 
for about ten years, and had been exposed ^o the full effect of 
climate and careles.s metliuds of cultivation, less favourable reports 
began to come in. It was definitely asserted that the lint was 
shorter, w^eaker and much more stained tlian was the case at first. 
The plant vvas stated to have deteriorated. 

The charges made were true enough, but to say that the crop 
had deteriorated was mereh' to (express a fact in a conveniently 
short manner w'ithout correctly realizing what causes were involved. 

Causes oe deterioration. 

A similar reaction on the part of the crop, differing only in 
t)rpe, would have given a result which, with equal looseness of 

* Paper read at a Couforonec Jield under the ausiiieerf of the Madras Agricultural St udents ’ 
Union, Ooimbatorc, December 10^0. 
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expression, would have been termed acclimatization. We may 
estimate correctly the causes of the change which occmixed by 
considering the charges made under two heads. 

First. WeahneM and staining, 'riierc was only one factor at 
work here, namely, the bollworm. WJien first grown in this 
presidency, Cambodia cotton was no more able to witlistand the 
attack of the bollwoi’iii than it is at the present time. In this 
respect it has neither deteriorated nor improved. What really 
happened then was that the cultivator unwittingly set to work 
vigorously to breed bollworms. Desire to reap a large profit from 
the crop led him to adopt the practice of leaving it standing lor 
several years in succession. Thereby he over-reached Jiimself. For, 
by so doing, he ensured a. steady supply of food all through the year 
for file bolhvorm population. The natural result was that the 
bollworm increased rapidly in numbers, and in consequence the 
number of bolls attacked also increased. 'Phus a larger pi'ojmrtion 
of the 1018 cro]) was stained and weak than was t.he case with 
the crop of 1908. If the bollworm can l>e reduced in numbers, 
then the loss in yield and deterioration due to this cause can be 
reduced. 

Second. Shortness of staple. Here there is an entirely different 
question to be dealt with. The first seed distributed was unselected 
and was a mixture of types. IMate XV shows some of tlie 
types to be found in the Cambodia cotton crop at. the present day. 
All the possible types are not Kqjresented. There arc otheis 
intermediate l)ctween the shortest and the longest. l’robal)ly not 
all of these tyjxvs were present in the original mixture and not all 
would breed true if isolated and sown separately. I'he others 
have arisen by cross- fertilization within the Cambodia population 
and possibly latterly by contamination with Dharwar-Amcrican 
cotton. 

Now when a mixture of typevs is given out for cultivatioJi the 
plant population so raised does not remain stable. New types 
aiise by cross-fertilization, and all the types do not. react to their 
environment in exactly the same way. Hthe bulk of the seed fu'st 
issued was from the tyjies 1), E, E, us it probably was; and if the 
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conditions of their environment had l)een su(*li that tlu'y favoured 
these types, tliey would have continued to form tJie ruajoi' proportion 
of the population. (■ambodia M»ttoji would not tlnui hiive 
deteriorated in respect of length of lint, but woiud h.ive remained 
very mu(*h ifie same all through. It would in faet iuive become 
aeclijuatized. 

(Vmditions, liowever, in this eounl’‘v, aliowod full swuy, 

aw not generally favourahle i-o the gr(M\ih of t})^ b(‘s. ([ualilies 
of ('xotic cottons. TIh^ j)oorer, nu^dium ([;.a.iii>‘, (‘a!lv% jm^.e 

vigorous types are better suited to the climale and en,r(‘l(‘ss methods 
of eultiva-tion Ilian are tlu‘ Indlm* (|nality tyj)es. AVlum, therefore, 
th(‘ mixture was distributed and tlieu left o itselL ilie jxionu- types 
gradually re])lac(‘d lJi(‘ b(‘tler and usuj|)(h1 their position as chief 
ingredi(‘nts of th(‘ mixture. Thus afbu* a lime a huger ])ruj)ort ion ol 
the lint obtaiiu'd fi’oni the lU'op was ol poorer (|Uality than was the 
case a.t iirst, with tlu' r(‘sult t ha^ the plant Avas accused ol lla^ ing 
d(*t(M-iorated. Fortunately, the good types ar(‘ not lo' t. they have*, 
niert'ly reced(‘d into the background. ^IMiey (*a.n be brought into 
prominence again by the artificial aid of selection. 


Main limos of jmpfovi:m:knt. 

There a.re two main lines along wdiich crop imj)rovenient work 
usually proceeds. Tlu' iirst is the more or less rough and ready 
method termed plant t^) jdaiit. si'lection, which in a rc'iined lorm 
works as follows : — 

First season, A sa.niph^ of unsi'lecled seed as ordinaialy used 
by the cultivator is obtain(*d and sown. Jn tlu* case of Cambodia 
(rotton the resulting cro]) would consist ot a medley ol types giving 
produce similar to A, B, i \ 1), etc*. In this population a number of 
plants are sele(*ted and numbered. The ])roduc(‘ ol each oi these 
plants is harvested se])arately. and only such lots as a])proach 
nearest to a cei*tain standard are retained. 

Secmul season, S(ipaj*ate plots are sowm with t h(‘. seed of tlie 
selected plants. When the crop is old enough, each plot is examined 
to determine whether the culture is pure in respect of habit of ])lant* 
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If impure, representative plants of each type noted are marked. If 
pure, a number of the best looking plants are marked. The flowers on 
these marked plants are selfed. Early in the harvesting season each 
plot is gone over again and the produce of each plaiitis examined. 
The object here is to determine whether in the impure lots there are 
any plants worth keeping which have been overloolced, and whether 
the lots pure for habit appea r pure as regards type of produce. If 
any of the latter j)rove impure, the fact is noted and the selfed plants 
are examined to see that the different types are all represented. 
At harvest the produce of each marked plant is gathered separately 
and put through a fiu'ther critical examination in the laboratory. 
x\s a result of this examination some plants may be discarded. 
Single plants from impure lots are kept sejiarate as in the beginning, 
but the selfed seed from the marked jdaiits in such lots as prove to be 
pure is mixed. 

Third season. In tliis season there will j)robably be enough 
selfed seed of the pure t ype tc) permit of t wo sets of j)lots being sown : 
one to produce pure seed and the other to test the yielding qualities 
of the pure cultures against one another and the local mixture. The 
seed plot is a qiiarter of aji aci’e or more in area, and is placed 
as far from other cotton as possible to minimize tlie risk of 
cross-fertilization. At harvest the produce of the plants in the cent re 
of the plot is gathered 8e])arately and set- aside to provide seed 
for the next season's sowing. The test plots are in the form of 
long strips from 2 to 4 cents in area, and are sown side by side in 
series. The series is repeated as many times as the quantity of seed 
at disposal will permit, e.g., local, 1 , 2, 3, 4, local, 1, 2, 3, 4 and so on. 
The produce of each striji is harvested, weighed and ginned 
separately, and the results are recorded. 'J’his process of growing 
pure seed in large plots and of testing yield is carried on for 3 or 4 
years, so as to eliminate the eflect due to variation in season. As 
it proceeds, if possible some of the types are discarded. The seed 
plots of those remaining are increased in size until sufiicient lint of 
each is obtained for a spinning test to be carried out. On the results 
of the spinning and yield tests the final sele 9 tion of one type for 
distribution to the cultivator is made. 



CiAMBODIA COTTON 


239 


This met* od has the disadvanta' that it may limit the rango 
of improvcm( 1 1. Poi wfia^ever tlic s uidard set up, types wdiich to 
not conform ‘o this s' iu lard 1 ut which may neverthel-.ss possess 
useful cluiracteristics a c liah’c to be lost. If tlic tvp* selected for 
distribution lias been jud nsly sejected atid e!l tested, its 
cultivation will spioid bd’y. Ai» l it. .i<« -b dil be the case, a 
steady str'^ara of pure ^•eed ttows ti- u tin . Ming body to the 
cultivator, the seleck'd type will soon occupy me wi.ole area on 
which the crop is grown. Moreover, if ihe sraudaid set up is a 
high one, this metliod atlords no detxnite evidence of the possible 
existence of the tv'po desii ed except actual discoviuy- Failure to find 
the type aimed at does not. pro\ e that it does not exist. At the same 
time, the idcial miglit be ui im])ossil)l(‘ one a,iid coiitinued search 
by the method d(‘.scribed luighl merely result iii vvaste oi time. 

Tiie secojid line of procedure is in its fir, si, stage similar to that 
just outlined. It difiiTs from it in that instead -u jiie.king out a 
limited number of likely ])lants the crop is gone through until all the 
different' types have been .secured. Single plant selection and 
.self-fertilization are carried on until all Ihesi* types have been 
obtained in pure cult ures. From these a tew oi the best .ire selected 
and tested in the fieldpind in the mill. The best of these is then 
given out for cultivation as before. This constitutes the first stage 
of improvement. 

'J’he next step consists in taking all the types which possess 
one or more useful characters in the highest degree, and by judicious 
cross-fertilization endeavouring to produce a type which combines in 
itself all the useful characters in the highest degree. This is, of 
course, the most dillicult part of the whole scheme. It involves the 
careful study of the inheritance of all the various characters met 
with, even though some of them may have no apparent economic 
significance. This second method, i.e., isolation of types and 
hybridization, is the one which it is proposed to follow. 

So far we have been dealing in general terms; it is now 
necessary to go into more detail. 

The whole aim of the work on Cambodia cotton is to make 
it possible for the cultivator, following reasonable methods of 



240 


AGRICULTURAL JOURNAL OF INDIA 


[XVI, III. 


cultivation, to obtain per acre the heaviest possible yield of lint of 
one inch or more in length. Yield per acre can be increased in two 
ways : by reducing the loss caused by pests and by the production 
or discovery of a more productive type. 

The two main jiosts from which Cambodia cotton siitfers at 
present are stem-weevil and bollworni. Exactly how much damage 
these two ])csts do singly or together is not definitely hnown. It is 
certain that together they do a considerable amount of damage, and 
that the bolhvorm is more destruct iA'e than the stem-weevil. The 
most hopeful methods of combating these pests are (1) growing a 
type of ])lant wholly or partially immune from their attach, at)d (2) 
uprooting the w'hole crop as early as possible each y(‘ar, and leaving 
as long an interval as ]K)ssible befoie sowing the next crop. There 
seems some likelilmod that the first method will be successful in the 
case of the stem-weevil, but in the meantime' starvation appears to be 
the best method of dealing with the bollworni. At presi'iit the 
interval between the up-rooting of one crop and the sowing of the 
next is in general n<»t mme than two months. 

Xow Cambodia, cotton yields twice in the year, once in the 
season, i.e., beforci the beginning of May, and once in the summer, 
i.e., from about the middle of June. This second crop is not nearly 
so good as the first and is very badly infested with bollworni. Jf 
therefore a type could be found which would give practically all its 
yield in the season, and as much then as is now obtained from both 
summer and season pickings, there would be very little })oint in 
keejiing the crop standing after the beginning of June. 'Phis would 
permit, of a very much longer interval being maintained between 
successive crops, and would result in the return of the bolbvorm to 
its original status, viz., that of a minoi' ])est. So much then for the 
first, method of increasing the yield. 

The inoduction of a heavier yielding type is a little more 
comidicated, and involves the study of the following characters 
among others -the size and shape of the plant which affect the 
number of plants which can be grown per acre, the number of bolls 
set, the size and shape of the boll, t he numbe» of locks in the boll, 
the number of fully developed seeds in the lock, the weight per seed, 
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and the weigh! of linl per seed. Tlie scope of tins paper does not 
permit of all tliese cljuiv lers being c-'iisidered, iuidoiih' th(! two la/ l 
menfioned will be dealt with, viz., seed weight and veiirhl of lint j>ei 
seed. 

Balls working wil I, !b?V])! ian and liarland wil h S-;. Island cotton 
found a positive conolatioii l..!:'w«- se(>(l weio; * .md w.-ightof lint 
pel" seed, hh'oin the tiu'ie on lh'‘ nc' ' will be seen tluit a. 

similar correlation Jiolds good with ('anil>o<iia. • otloii. It a ill be seen 
that as the- weight, of the s(><‘d increases, the weight oi lint, per seed 
increases. The lighter seeds giv<i a lower luiniiinim and maximum 
weight of seed thii,n the heavier, .•i.nd do not (;arry jeally tieavv 
weights of lint. I’he (‘x])l.inatn)ri oj this relat ionshij) a.ppea,rs to he 
this. A heavier seed is a )igg(‘r seed. It. therefore, has a. lugger 
surface area and can earrv more libres. A seed cannot carry more 
tibres ' ha.n its siubu e !ire • will hold but may carry fewer. .\ light 
seed therefore cannot ca.rry a heavy weight of libre, out a heavy seed 
tnay carry anything Irom a light w'cight to a heavy ueight of libre. 
Consideration of this feature brings out an interesting ]>oint inregard 
to ginning ])ercentage. The. maximum weight of libre 2>er seed 
appears to be about, three-fourths of t he weight of the seed. The 
ginning percentage for any givnui weight of seed with thema.ximum 
weight of fibre is therefore^ jiractieally the same all through, about 
43 per cent. A small seed carrying the maximum quantity of fibre 
])ossibte will, therefore, giv'e a higher ginning piucentage than a, 
heavier S(‘ed carrying less than its maximum, although the a,ctual 
weight of fibre carried by the heavy seed is mori' than iJiat carried 
by the lighter seed, liarland found tlial in Sea Island col, ion 
there is a jiositive correlation bet ween wi'ight of iibri' per seed and 
weight of lint jjer acre. If this holds good with Cambodia 
cotton, the figure obtained for weight of fibre jier seed will be a 
betfer indicator of the value of a cotton than ginning jK'rcentage, 
unless ginning jiercentage is used as an indicator of weight of fibre 
per seed. Cinning percent age is in fact a very minor consideration 
comijared with yield of lint ])er acre. 

Much more might be said about the other characters ment ioned 
above but time does not permit. It has only to be said in conclusion 
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that the attempt to combine all the useful characters in the highest 
degree in one plant may fail at some particular point, owing to 
incompatability between certain ci.aracters. T f, however, anything 
like this should occur, we shall have the satis fact ion of knowing 
exactly where we stand and up to what limits i/uprovernent is 
possible. 
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A HF.VlKW of t'lio World's proofnvss \n during the 

liisf to yoiirs reviRils aji ioiniense a,iid eA^(*r“in(‘rea.sing aiuoinit of 
SDi(‘iitili<' work on matters coiieerniog tha.t industry. During that 
])eriod groat stridi‘s have l)conmade in soil oluMnistry aiid biology. 
Muoh light has b(‘on thrown on plant pliysiology .and on the 
fun(‘ti(uis of that, grouj) of siil)st.an(*(\s usually tomiod plant food. 
■VIodiMTi plantd)reoding has dov(*loj)od, animal nutrition has Ixaui 
th(' subject of nuiiKMous (Lxhaustivo inv(‘stiga.tions, and grcait 
])rogross lias Ixhmi made in the study of milk products. From 
the point of view of ])racti('a.l farming, we find that most 
improvement inis boon (Hbati'd during the period in the breeding, 
feeding and treatment of stock, iii dairying and in ])Iant-breeding 
and in the tr(‘atmont of pastures, and tluue is no doul)t that 
along these' lines (with the oxcejition of the breeding of live 
sto('k) im])rovement has boon the' diree-t e)ute‘e)me e)f scientiftc 
work. The' study of soils and plant 2:)hysioIe)gy has, on tlie eithe'r 
hand, led to little ediange in aetual enltivation practice. Tn the West 
t-illagc remains much whore it stood. Before our day crops weno 
gi-owii in rows anel intei‘-cultiva.tcd, ploughs and cultivators were 


• I'eoHitleiilial AtlUros't clclivoroil b'Eorc iho Aj'riculliiral Soctic^i f)f Mje Indian Science 
CJougivss, Calcutta, January lb21. 
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iRuch tli6 Rcirno fts tlicy iirc now, Riid tilip, va.liic of maimrin^ was 
thorouglily recognized. Stagnation prol)al)ly ar(»so from tJie fact 
that science had little of value to suggest along the lines imposed Itv 
existing i-onditions. L’ending some marked impiovement in power 
or implements, sufficient to ])ermit of considerable variations in 
prjictice, these restrictions appeared likely to remui 7 i. Europe is, 
however, now on the threshold of very great, jiossibilities through tlie 
development of the agricjiltural motoj- tiactor, t hrough wlii(di it will 
now be possil)le to plough and subsoil to a gj-eat er (le])th, to cultivate 
and sow under conditions more neajly approaching the optimum 
(hit herto im])ossible in unfavourable seasons), and to time operations 
so as to ensure the minimum loss of solubh plant food. If. may even 
be possible to vary considerably the cultivation of the lea break, a 
matter whi(‘h u]) till now has ]>resen1ed almost insnj)erable obstacles. 
.Aliy one who has experience of agriculture in Europe can thus see 
immense possibilities owing to 1 his sudden access of power by which 
a. man is able to ctnitrol .3 or 4 limes the amount, of power hitherto 
possible. Whether science will be able materially to assist, the 
Western farmer in making the most of tlic new coi\ditions remains 
t.o be seen, but it requires little imagination to see a tiseful field for 
properly organized investigation. 

To those who have followed developments in fndia, it would 
seem that, the introduction of new' inqdements should similarly 
impruve the. prospects of a (tiange in agric-ultura,! j)raetiee. When 
it is considered that, until a few years ago, ])ractica,lly the only 
imidements to be found on the alluvial tract of Northern India were 
theplough and the levelling bea.m, while to-day the more uuportant 
of Western im])lements, made lighter and most suitable for draught 
by Indian catt.le, have been introduced with growing success into 
many parts of the country, it wotdd be a strange thijig if all this did 
not signify, in some way or other, a po,ssibility of greater variation 
in tillage operations. Although the undoubted success hitherto 
met with in improvijig crop pr<Kluction in the. e.ountry by improved 
tillage may be said to bo due more to a greater elhciency of the 
existing methods of cultivation than to a elninge in the methods 
themselves, still there is no doubt whatever that through improving 
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farm implements a greater control over the soil has been attained, 
and, consequently, a greater possibility of approaching more nearly 
to optimum conditions for crop-growing. For example, the furrow 
turning plough has given a vastly increased power of turning surface 
organic matter into the soil. The possession of field cultivators 
means the possibility of a more thorough soil preparation. Drill 
cultivators and harrows, the use of both of which amongst growing 
crops is increasing and giving good results, permit of a greater control 
of soil moisture and of the concentration of the soluble plant 
food, particularly nitrates, at depths more suitable to the plant. 
By the use of rollers and soil compressors a more rapid rise and 
concentration of soluble plant food at higher levels is made 
possible. Finally, the advent of the ridging plough means, amongst 
other things, the possibility of applying smaller quantities of 
irrigation water per acre and of improving its distribution. 

Thus, a combination of implements, likely to give us a much 
greater control over tillage and irrigation, has been introduced into 
the country and opens a now field of usefulness for agricultural 
investigation, new in the sense that there is now a possibility of 
applying some of the more recent work done with regard to soil 
chemistry and physics, soil bacteriology and plant physiology to 
practical agriculture. For example, it is obvious that, in order to 
reap the advantages gained by the introduc tion of new implements, 
we should be put in possession of a better knowledge of optimum soil 
conditions for crops both before planting and during their growth, 
and should have more information about the movement of soil 
moisture in various clastees of soil under varying conditions. Closely 
connected with this subject is the question of manures and their 
application. At present we are hopelessly in the dark with regard 
to the quantitative side of manuring and to some extent as to the 
best times of application, although it is certain that manures are used 
most uneconomically. It is probably largely because of this that 
the value of soluble artificial manures has not been more generally 
recognized, and it is significant that the best results have been 
obtained by the use of comparatively slow acting manures, such as 
bonemeal and oil-cakes, which are applied in greater quantities than 



IMPROVED HELD POR AGRICULTURAL INVESTIGATIONS 247 


the more expensive soluble fertilizers. Is this not largely due to the 
present ignorance regarding time, quantity and location, coupled, 
possibly, with the difficulties hitherto met with in administering the 
dose at the proper moment and in the correct place ? For a man to 
attempt to control distribution of a soluble manure, armed with 
nothing but a plough and a levelling beam, is probably asking too 
much ; but the day for this is over, and it is now possible to apply 
manure and concentrate it at a much greater range of depth than 
was possible before. 

It will readily be admitted that, in all investigations affecting 
new operations, a careful check should be kept on the results of 
these on soil fertility. The worst thing that can be done is to 
encourage the cultivator to improve his present outturn at the 
expense of posterity. The question of the maintenance or increase, 
if possible, of the organic matter in the soil is thus one of very 
great importance. Although it is quite possible to imagine that 
the effect of a more intensive cultivation might lead to a depletion 
of organic matter in the soU, it is equally possible that ways and 
means will be discovered not only for maintaining this essential 
constituent at its present level but also for increasing it in the 
ordinary course of cultivation. 

The view expressed that well directed investigation into 
optimum conditions for the growth of the various crops, coupled 
with a knowledge of what is actually happening in the soil, will lead 
to great improvement in agricultural practice, is not mere optimism 
but the result of a somewhat extensive acquaintance of agriculture 
in the East and in the West. I should like to point out a few 
examples, which come to my mind, of work which would be almost 
certain of a successful issue in India. I have above, for want of a 
better term, used the expression “ optimum conditions ” to indicate 
those conditions which are most suitable for the growth of plants. 
As an example of the occurrence of such conditions in Nature, 
we may refer to what are usually called in official statistics 
“ bumper ” crops. These drops exceed by large amounts what 
we call “ normal ” crops or crops produced under generally 
favourable but not “ optimum ” conditions. Their occurrence, 

2 
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of course, is rare, but occasionally you get good examples. They 
had such a crop of wheat in certain parts of the Punjab last year. 
At the Lyallpur Agricultural Station, for example, a wheat crop 
was harvested which exceeded the normal or fairly good crop by 
about 60 per cent. The occurrence of such a crop shows, of 
course, the absence of unfavourable conditions, but, at the same 
time, suggests a combination of favourable circumstances before 
and during the growth of crops. The conditions, whatever they 
were, must obviously have been meteorological combined with a 
fortuitously favourable timing of the irrigation. Now if we only 
knew exactly what these favourable conditions were, might we not 
so control our operations of watering, draining, cultivating and 
maniiring as to make the normal approximate the present bumper ? 
And the same applies to many other crops . Take cotton for example. 
The advent of the ridging plough tends to a much better control of 
irrigation water, and ought to help us to regulate, to some extent at 
least, the position of the soluble plant food in the soil. Further, 
one of the chief problems with regard to cotton growing is to prevent 
the premature shedding of bolls. Under a properly regulated 
irrigation system this should be quite possible but a way out has 
not yet been foimd, owing probably to the non-utilization of our 
present means of control. 

With reference to the possibility of the use of manures in 
directions hitherto unthought of, I should like to point out an 
instance witnessed by myself near Dacca of the extraordinary 
effect of a small dose of bonemeal on a paddy crop. It was in 
the year 1918 in which, as you probably remember, the monsoon 
ceased early, and a magnificent looking rice crop throughout 
Bengal turned out about 30 per cent, short of normal owing 
to drought. Just outside Dacca amidst a. large stretch of the 
higher lying transplanted paddy land, the crop on which was 
dried up and prematurely ripened, were to be seen a few fields 
which had been manured with bonemeal, fresh, unwithered, 
and properly ripened, giving every • appearance of having been 
irrigated, although no irrigation had been applied, nor, indeed, was 
such possible. There you had a genuine result, nothing accidental 
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about it, demonstratiug some great principle of immense potential 
value to the country. The whole thing was very striking 
and suggestive, and it is hoped will yet lead to results apart 
from the more immediate conclusion, viz., that, under certain 
conditions, proper manuring in years of drought may save the 
crop. 

To revert, the improvement in the equipment of the ryot in 
tillage implements, coupled with a knowledge of how to use these to 
the best advantage, and with a judicious use of manures— probably in 
small quantities given at the psychological moment-will render it 
possible to make a considerable advance on ]>resent practices and to 
increase crop outturns considerably. That the best results, however, 
will not be obtained empirically will be at once conceded whenat is 
considered that improvement will lie mainly in the correct timing of 
operations. Moreover, investigations carried out in the usual 
agricultural fashion, i.e., by plot experiment alone, cannot be 
expected to give the desired results. The more detailed knowledge 
that we now require regarding soil conditions can only be revealed by 
work in the laboratory. The agriculturist is hopelessly handicapped 
in investigations of this nature unless laboratoiy assistance is at hand. 
Again, the optinxum conditions for crops will require to be worked 
out from the botanical standpoint and will also require work of a 
specialized character. Further, it is necessary that the work should 
take the form of a more or less concentrated investigation of 
particular subjects, research work as a rule being not immediately 
applicable to practice. S\iccess is thus most likely to follow joint 
investigations in particular directions. What these should be 
depends on circumstances. A form of concentrated investigation 
which has already produced results of benefit to planters, and 
could, doubtless, be vastly improved, may here be mentioned, viz., 
specialization in crops. Different crops or, at any rate, different 
groups of crops require different soil conditions, different timings, 
etc., and a thorough investigation of optimum conditions for each 
crop or group of crops, combined with a local knowledge of the 
behaviour of the soil under varying meteorological conditions, would 
enable the agriculturist to work out a rational system of agriculture 
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based on a full knowledge of wbat his crops require and how far 
these requirements were being met. 

At any rate it must be conceded that in addition to an adequate 
provision for research, which must be uncontrolled and unfettered, a 
special organization of investigation is called for in order to make 
the most of the large amount of work which has already been done 
in India and elsewhere with regard to soils and crops, to fill up the 
gaps in our knowledge, and to connect up the whole with practical 
agriculture, and further that such investigations should not be in 
the form of isolated and uncoinected pieces of work but should be 
concentrated with the object of a mere or less immediate application 
of the results, 



AGRICULTURE IN THE SHAN STATES. 


WITH SPECIAL REFERENCE TO THE SYSTEM KNOWN 
AS “ TAUNGYA ” CULTIVATION. 


BY 

E. THOMPSTONE, B.Sc., 

Deputy Director of Ayrimilture, Northern Circle, Burma. 
General. 

Though this note refers specially to the Shan States, the greater 
part of it is applicable to the Chin Hills, Kachin Hills, the numerous 
hill tracts forming part of “ Greater ” Bunmi., and also to the hilly 
districts where “ taimgya ” cultivation is practised. , 

The Shan States are a group of over 40 Native States lying 
to the east of Burma proper and between that country and China. 
The administered area is roughly 57,000 square miles with a 
population averaging about 22 persons per square mile. The 
predominant race is Shan, but numerous other races arc found 
in different parts, e.g., Kachins in the north, Palaungs, Lisaws, 
Was, Taungthus, Inthas, Akhas, Karens and others. Bmmans 
and Chinese are also found more or less scattered throughout. 

The configuration of the coimtry is that of a huge irregular 
plateau intersected by many hill-masses which rise above it. In 
places it is comparatively flat, consisting of large, grassy, upland 
plains or sloping downs, well wooded and well watered. In other 
places of considerable altitude, open rolling downs, almost treeless 
and comparatively dry, are the main feature. The mean altitude is 
somewhere about 3,000 feet, but mountain ranges run up 7,500 feet 
and peaks rise as high as 9,000 feet. The country is well watered, 

( ) 
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the main drainage system being the Salween and her affluents and 
several important tributaries of the Irrawaddy — the Nam-Mao 
(Shweli), the Nam-Tu (Myitnge), the Zawgyi and the Panlaung. 
The mountain ranges and valleys have a general north and south 
trend which is also followed by the rivers and main streams. This 
irregular series of hill ranges, valleys and streams running north 
and south, is the characteristic feature of the Shan country as a 
whole. 

Though portions of the Shan States are unhealthy, on the 
whole the climate is temperate and salubrious. In the deeper 
valleys the atmosphere is laden with moisture, and during 
the hot months it is humid and sometimes unpleasant. On 
the uplands the range of temperature is often wide. During the 
hot months it may be high during the day, but it drops very 
considerably at night. During the cold season, dense wet mists hang 
over the hill tops and roll down the valleys, and they are often 
not dispelled for some hours after sunrise. In the higher regions 
from December to February frost is common— as much as 10 degrees 
of frost have been recorded - and even in the lowest valleys the 
thermometer has been known to fall to freezing point. Nevertheless, 
the temperature is on the whole fairly equable and pleasant. The 
mean temperature at Taunggyi is about 66 degrees, and in one of the 
hottest valleys the average maximum and minimum were about 
96 degrees and 65 degrees, respectively, in April. 

The rainfall varies considerably but is generally sufficient 
throughout for good production. The average annual rainfall 
is probably about 60 inches and generally speaking it lessens towards 
the east of the States, though in the Myelat country on the 
borders of Burma it is only about 38 inches — ^most probably on 
account of the protection afforded to it by the lofty range of hills on 
its western and south-western boundaries. The mountain ranges 
and hillsides are storm-swept whilst the valleys are often steamy. 

Soils 

For our purpose we may regard the soil as being derived entueiy 
from the limestone rock which underlies it. By far the 
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portion consists of a sedentary red loam which occupies all the 
uplands and hillsides, but which gradually merges into finer brown 
loams on the lower and nearly flat lands and in the valleys ; whilst 
these again become still finer clay soils in the lowest p.irts of the 
valleys. The red upland loams, though derived from the limestone, 
are almost devoid of lime which has leached out Irom continual 
washing by torrential rains. They also appear to be greatly lacking 
in organic matter and in readily available })lant food. They bake 
very hard on drying, but they are physically fertile, not ditlicult to 
cultivate when moist, and when worked the loose soil is readily 
washed away down the hillsides. The loams and clay soils ot the 
valleys have bee!i thus transpoi’tt'dand formed irom the washings ot 
the hills. These valley soils have accumulated more or less v(‘g(‘table 
matter to which they owe their darker colour and greater fertility. 
In the lowest parts ot the valleys and on the borders of sw.imps and 
lakes, these accumidations have jrroduced dark brown or black 
peaty soils highly fertile when drained. 

Though the brown loamy and clay soils cover a comparatively 
small area, they are of great importance and the toriuer are 
particularly fertile under proper treatment. In the ordinary cmirse 
of development of the country, one might expect these soils to 
come fimt under cultivation and such has probably been the case ; 
but there are now wide stretches of land, a great deal of which 
shows unmistakable signs of former cultivation, abandoned to 
“ kaing ” grass or scrub jungle. The lower-lying clay soils and 
the peaty lands, where sufficient water can be obtain<“d, still 
form the principal paddy lands and are in most places 
irrigated, but the rich brown loams have not genei'ally 
come under dry crops, as might have been ex2)ccted, in 
preference to the less rich rod soils. They an* not generally 
considered suitable for dry crops. The reason may jiroba bly be found 
in many places in the need of drainage — an operation which the 
local agriculturist does not understand and winch he would probably 
not practise if he did. He would prefer to go a little higher up the hill 
where the neoaMl^]t4e$l ntot exist. Most of the.se soils are also sour, 
and fd^Ut drainage or lime, they will give poorer 
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outturns of wheat, potatoes, etc., than the led n^i^ 

explanation of the neglect of these lands is generallj tiuit 1 ^ ^ 


has consequently been abandoned. A more probable explanation is 
that paddy or rice cannot be profitably exported, and the local 
demand for swamp paddy is satisfied from the more readily watered 
lower lands. As these latter have gradually come under cultivation 
encroaching upon the swamps the somewhat higher lands have 
dropped out. The population is sparse but increasing and the 
demand for rice for local consumption is rising, and no doubt more 
land will again go under this crop to keep pace Avith the growing 
population ; but as roads increase and facilities for export improve, 
the introduced dry crops — ^wheat and potatoes, and probably also 
cotton and beans — will generally be found more profitable than 
paddy and should spread over all but the lowest of these lands. 

The existence of numerous springs and waterlogged areas has 
given rise to bogs in many places. These bog or “ muck ” soils are 
comparatively small in extent and consequently of no very great 
importance ; but where they are firm and deep enough they will 
often grow good crops of paddy, and if well drained they will produce 
heavy crops of potatoes, vegetables and other market garden 
produce. They are not usually difficult to drain, and within easy 
reach of a good market they are excellent soils for “ truck ” farming. 
Except near European habitations where there is a demand for 
vegetables, these soils have, however, been generally avoided on 
account of the labour required to bring them into condition. 


I Methods oe ageicultuee. 

The most extensive system of agriculture is that of “ taungya ” 
cultivation described below. There is no means of calculating the 
area annually affected but it is enormous, and in comparison other 
systems are of small importance. Yet a large part of the population 
derives its principal food grain, rice, from the swamp paddy which is 
cultivated in the ordinary way. 

The valley bottoms and most low-lying places are devoted 
to paddy cultivation, and many hillsides and' gullies where the 
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constructed to turn the water into small distribution chBUnelS, BOd 
waterwheels and other ingenious methods of raising the water on to 
higher fields are employed. Waterwheels are also made use of to 
drive rice and wheat mills, and ingeniously constructed rice 
“ pounders ” are automatically worked by water-power. There is 
nothing peculiar about the method employed in paddy cultivation, 
the seedlings being transplanted into the fields in the ordinary way ; 
but in some parts where water is not early obtainable for wet 
nurseries the seedlings are grown as a dry crop on a specially pr^ared 
bit of “ taungya ” land. 

The paddy fields are planted year after year with the same crop. 
There is no attempt at rotation, and manuring is only carried out in 
fields near the villages. The means of transport do not permit of 
rice or paddy being profitably exported— the produce fulfils the local 
demand and the area is largely determined thereby. As many of the 
lower swamps (such as the edge of the Inle lake whi(;h is being 
encroached upon by silt deposits and weed growth) have 
gradually become cultivable, they have been turned into paddy 
fields to the exclusion of higher lands where water is less easily 
obtainable. But as the demand for paddy is now increasing and the 
market rates have risen considerably, cultivation is again extending 
to these less favourably situated fields. 

Garden crops are cultivated in the home plots and here cattle 
manure and ashes are freely made use of. Onions, garlic, chillies, 
maize, brinjals, many kinds of beans and a variety of vegetables 
are produced with a minimum of labour. Little trouble is expended 
on weeding and the plots are usually poorly tilled. Tobacco is 
universally grown and some of the varieties have a wide reputation 
for quality. Cotton, sesamum and groundnuts are chiefly products 
of the “ taungya,” following paddy. 

A good selection of fruits is cultivated in the home plots ; pme- 
apples (of a particularly fine variety), plantains, custard-apples, 
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guavas, peaches, plums and Citrus fruits are all grown. Oranges 
flourish and are cultivated in groves along the banks of some of the 
rivers. The orange plantations on the banks of the Nam-Tu are 
noted for the excellence of their fruits. Plantains and mangoes 
are poor in comparison with the Burma products. 

Tea cultivation is the <'hief occupation of the Palaungs in 
Tawng-peng State and also in parts of Hsipaw and elsewhere. The 
methods employed are haphazard and could no doubt be improved 
upon. The leaf is mostly sent down to Burma as “ pickled ” tea 
(i.e., compi'essed and fermented in a green state) and not dried 
as is done for European consumption. I'ea plantations are calculated 
to cover some 12 to 15 square miles of land. 

“ TaUNGYA ” CULTIVATION. 

The “ taungya ” system of agriculture as practised here, besides 
being of primary importance, is of special interest ; and, as a great 
deal of light has been tlirown upon it within recent years, chiefly by 
investigators in England, the method, though familiar to most 
people living in the country, will be briefly described. 

There are, of course, some slight variations in “ taungya ” 
cultivation as practised throughout the vast hill tracts of Biuma and 
the Shan States ; but these variations, such as differences in time and 
method of burning, number and kind of successive crops planted and 
methods of tillage, are the result of local conditions and custom. 
In essentials the practice is the same throughout and is very similar 
to the processes known as “ chena ” in Ceylon, “ ladang ” in Malay, 
“ jhuming ” in India, and “ bushburning ” in the West Indies. The 
process of “ rab ” in the rice fields of Western India is somewhat 
different, but probably has a similar explanation, in part at least. 

The ordinary system of “ taungya ” is to cut down the jungle 
growing on a piece of hillside land which has generally been indicated 
to the cultivator by the ‘‘ hats,” properly propitiated with sacrifices. 
If there are any trees the branches are lopped off, and the brushwood 
with some of the smaller growth is heaped around the stumps and the 
whole is fired. This operation takes place during the dry weather — 
Eebiuary to May — ^and these jungle fires, as viewed from the plains 
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on almost any night of the hot weather, are an attractive sight. In 
some parts, e.g., the Kachin Hills, fire belts are cleared around the 
“ taungya ” area to protect the surrounding jungle, but in other places 
this precaution is not taken. The soil is strongly heated, becomes 
brick- coloured, and a coating of wood ashes is left on the surface. 
Sometimes, where the growth is not thick enough, brushwood is 
carried or carted to ttie fields, but this is a laborious process and is 
generally avoided by the selection of well-covered land. Subsequent 
cultivation depends upon the slope of the ground ; only on flat 
or moderately sloping land can the local plough be used. The 
ordinary steep-hillside “ taungya ” is cultivated with the “ pauktu,” 
a large hoe, with which the soil is loosened and the seed dibbled in. 

A variety of crops is grown — the chief ones being “ taungya ” or 
hill paddy, maize, potatoes, sesamum, ginger, groundnuts, sweet- 
potatoes, gourds, opium, cotton and several kinds of beans. In the 
widely separated hill tracts of this country, the crops grown differ 
very considerably as might be expected. Some variety of coarse 
“ taungya ” paddy is generally the principal crop, and there are not 
usually more than two others of great importance in any area. 

The land is cultivated from one to three years (rarely four) and 
then allowed to lie fallow for a considerable period, which may vary, 
according to circumstances, from 4 years to 1 5 or 20 or more. There 
seems to be no guide to the number of tillage or the number of fallow 
years and, except that in some places a grain crop is usually the first 
to be sown after burning, no suggestion of any rotation has been 
revealed by long observation and enquiries. 

In parts of the Shan States where there is little fuel to be had, 
and particularly in the Myelat (described above) and those parts of 
the South Hsenwi State where the country has been practically 
depleted of fuel for many miles, little remains but a scanty covering 
of grass, and the method employed is somewhat different. The 
custom here is to loosen the surface soil to a depth of about 3 inches 
generally by means of a single buffalo plough as the land is fairly 
level. Then, as the soil is at that time hard baked, to break the 
lumps and to complete the process of loosening requires the use of the 
“ pau]q>ya ” (big hoe). The fields are laboriously hoed over by hand, 
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and after this the dry, loose soil is scraped up into small moululB about 

“eetfromceutretocentreandaboutlSinches high. Apitia then 

made in the centre of each mound, and a smaU quantity of cattle 
manure, dead grass or other dry material collected with 
much trouble, is set on fire, partly covered with soil and made to 
smoulder in the pit. The endeavour is not to permit any part to 
become over-heated but to heat as much soil as possible to a moderate 
temperature. As, however, the quantity of manure, etc., available 
for each mound is usually a mere handful, only a portion of the 
soil is subjected to the action of heat, and the temperature reached 
must vary very considerably from the centre towards the outside of 
the mound, where a considerable quantity of soil remains unaffected. 

After burning the heaps are allowed to cool, and if the crop to be 
grown is potatoes the setts arc planted in the mounds—from one 
to three setts in each. But for other crops the heaps are spread 
again by hand, and the seed is sown broadcast. 

The principal crops grown in the Myelat are paddy and potatoes 
with an occasional crop of sesamum. Potatoes have within recent 
years become a crop of great value and of importance for export, and 
wheat, which is a comparatively recent introduction, is now rapidly 
following suit. The period of cultivation of a “ taungya ” in the 
Myelat is two to three years. 

An EXPLANATION OP TAUNGYA ”. 

The practice of " taungyu ” cultivation has from time to time 
been the subject of official investigation for many years— chiefly on 
account of the enormous amount of damage done to forest areas and 
the heavy destruction of timber. Administrative departments— 
the Forest Department and latterly the Agricultural Departments 
have all given some attention to the problem. In 1912 the 
Agr icultural Department started experiments on a small scale near 
Pynitha in Mandalay District. Though these had to be abandoned 
from lack of funds to carry them through, recent results have proved 
that they were instituted on the right lines. 

It was long ago recognized that the people did not practise this 
system of shifting cultivation from choice but from necessity — that 
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“ the practice of ‘ taungya ’ cultivation is not due to any nomadic 
tendency on the part of the cultivators but to their being compelled 
of necessity to select new areas.” That it is unprofitable to grow 
crops on ordinary “ taungya land after the second or third year 
requires very little demonstration — ^an inspection of standing crops 
is sufficient proof ; but a few measured yields that have been obtained 
may be quoted : — ■ 

(а) On a three-year-old “ taungya ” (at Hsumhsai), sesamum 
40 lb. per acre, two kinds of maize nil, beans {Phaseolus lunatus) 
330 lb. and {Phaseolus calcaratus) 370 lb. per acre, castor 100 lb. 
per acre, and gram 200 lb. per acre ; 

(б) On a field at Yawnghwe farm, wheat 180 to 310 lb. per 
acre, groundnuts 220 lb. per acre, sesamum and peyin failed. 

The necessity for abandonment of the “ taungya ” is due to the 
fact that the soil becomes unproductive after two or three crops have 
been removed ; but it has also been ascribed to the excessive growth 
of weeds with which the cultivator is unable to cope and to surface 
erosion of the loosened soil. Whilst these last two very probably 
influence the cultivator to some extent in the direction of abandoning 
his cleared land, the main reason for his seeking new areas 
undoubtedly is the first. 

The effects of heat upon soils. ^ 

In order to show how such an extraordinarily rapid deteriora- 
tion in productiveness takes place in these soils, it is necessary to 
enter into a little explanation of the effects of heating ; and for 


^ For this explanation of the effects ot heat on boUb the writer is indebted to the records of 
research work given below and to which those who desire more detailed information on the 
subject should refer: — 

(1) Russell and Hutchinson. “ The effect of partial sterilization of soil on the productioi\ of 
plant food.” Jour, ofAgri. tSci,, Vol. III,pp. 111-144, and Vol. V,pp. 152-221. 

(2) Pickering. “ Changes in heated soils ” and “ Plant growth in luiated soils.” Jour, of 
Agri, Sci., Vol. HI, pp. 258-284. 

(3) Russell and .Goulding. “ Sewage Sickness.” Jour, of Agri. Sci., Vol. V,'pp. 27-47. 

(4) Russell and Petherbridge. ” Sickness in glasshouse soils.” Jour, of Agri, Sci,, Vol. 
V. pp. 86-111. 

(6) Russell and Petherbridge. ” The growth of plants in partially sterilized soils.” Jour, 
of Agri, Sd., Vol. V, pp. 248-287. 
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the sake of those not well acquainted with agricultural science, it 
would be well first to explain one or two elementary points. 

When a soil has been heated, it produces considerably higher 
yields than one which has not been so heated. This holds good for 
all non-leguminous crops. Darbishire and Russell {Journal of 
Agricultural Science, Vol. Ill, p. 305) showed that soils heated to 
96° C. in the laboratory produced two, three or even four times 
as much crop as a portion of the same soil which had not been 
so heated, and they conclude that the treatment had in some 
way brought about a considerable increase in the available plant 
food. One has only to compare the crop growing on a well-burnt 
part of a “ taungya ” with that growing on any un burnt portion 
to be convinced of the accuracy of this statement ; but because 
the unburnt soil very frequently fails to produce any crop at all, 
the difference in the case of “ taungya ” cultivation is often much 
greater than four to one. The reason for this is not difficult 
to comprehend when it is borne in mind that these investigators 
were dealing with fertile soils — ^probably much richer in organic, 
matter, lime and available plant food than our “tsiungya” soil. 
The former soil would at least produce a crop by ordinary methods 
of cultivation, whilst the latter, though physically fit, will seldom 
yield a crop worth the name by ordinary tillage alone. 

Non-leguminous plants derive their supplies of nitrogenous food 
from the soil, and the production of ammonia in the soil is mainly the 
work of micro-organisms which occur in enormous numbers (from a 
few thousands to over 100 millions per gram of soil according to the 
character and condition of the latter). The organisms chiefly of 
interest here are those bacteria which produce ammonia by the 
decomposition of soil substances and the “ nitrifying ” organisms 
which convert that ammonia into nitrates, in which form plants as a 
general rule absorb their supplies of mtrogen. These organisms are 
present in all soils, and they multiply with marvellous rapidity when 
under favourable conditions. The rate of production of nitrogenous 
plant food is dependent upon the bacterial numbers present in the soil. 

But Russell and Hutchinson {loc. dt.) have sjiown that bacteria 
are not the only micro-organisms which inhabit the soil, but that 
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there is another group of such organisms which are detrimental to 
bacteria and which considerably limit the numbers of the latter. 
This second group is believed to be the protozoa —low forms of 
animal life with microscopic, jelly-like, unicellular bodies. Three 
main families of these protozoa have been identified, viz., flagellates, 
ciliates and amoebse, and it has been shown, by Buddin^ and 
Cunningham^ as well as by the investigators named above, that 
when these are present the numbers of ba(;teria and consequently the 
production of ammonia are seriously restricted. The organisms, 
both bacteria and protozoa, occur principally in the surface layers 
of soil — say, in the uppermost six inches. 

These protozoa are larger than the bacteria, but fortunately they 
have not only lower powers of resistanc.e to heat and to antiseptics 
but their rate of multiplication is slower. They are more readily 
killed by heat than bacteria are, and they multiply less rapidly— 
phenomena only recently discovered but of which the “ taungya ” 
cultivator appears to have taken advantage for hundreds of years. 

The effects of heat upon a soil in the direction of increasing the 
plant food may be regarded as twofold. The immediate effect is to 
render soluble by chemical decomposition some of the nitrogenous 
substances found in the soil. Ammonia is produced, and the higher 
the temperature the greater may be the amount expected ; but 
if the temperature reached is high, much organic matter is 
decomposed and loss occurs. The nitrogenous plant food produced 
in this way, directly by heat, is available for the use of plants but it 
very rapidly disappears, and the influence on plant growth on this 
account is of short duration. But another more durable though 
still a temporary effect is to be found in the action of lieat as a 
sterilizing agent. 

When a soil is heated to moderate or to high temperatures, large 
numbers of the micro-organisms are destroyed. The protozoa, 
being less resistant to heat than the bacteria, arc killed first. The 
nitrifying bacteria are also fairly easily killed and generally perish at 


1 Jour, of A gri. JSci., Vol. VI, pp. 41 7-451 . 

* Jour, of A(jri. VoL VII, piJ. 49-74. 
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moderate temperatures, but tbe organisms which decompose soil 
substances to produce ammonia are more resistant. Besides which, 
bacteria produce spores which strongly resist heat and afterwards, 
on the addition of moisture, will germinate and multiply very 
rapidly in the absence of their enemies, the protozoa. 

Thus it happens that when a soil is partially sterilized by heat 
the detrimental organisms are killed, and though most of the 
bacteria may also be killed, there are sufficient left to multiply 
when conditions of moisture and temperature again become 
favourable. With their enemies removed they do this at such a 
tremendous rate that within a , few days they have reached the 
original numbers, and within 3 or 4 months they will have 
increased to several times the original numbers. Bussell and 
Hutchinson, in their investigations referred to above, have quoted 
cases of 60 to 120 millions of bacteria per gram of soil in three 
to four months after sterilization. 

Generally speaking, the higher the temperature reached the 
greater will be the destruction of bacteria and the slower the recovery 
of the numbers until at about 120° C. all are killed ; but in order to 
destroy all the protozoa it is not necessary to raise the temperature 
above 56° or 60° C. At that temperature the number of bacteria is 
moderately reduced and the recovery is rapid. In ‘fact the maximum 
bacterial numbers are afterwards obtained when soils are heated to 
about that temperature. This seems to throw a glimmer of light on 
the cultivators’ preference for smouldering fires and moderate 
heat. Even at the low temperature of 40° C. maintained for some 
time, the detrimental organisms suffer very considerably ; and 
thorough drying, such as most of the soils in this country are 
annually subjected to, temporarily suppresses their action. 

The destruction of the nitrifying organisms, along with the 
protozoa, is not such a serious matter as might be supposed. It 
does not “ seriously interfere with the growth of plants — as a matter 
of fact it seems to have but little effect ; plants readily take up the 
decomposition products, ammonia, etc. Nitrification is shown to be 
economical but not essential. The excess oi*nitrogenouB plant food 
m the partially ateiilized soil soon becomes bo great that it causea 
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a correspondingly vigorous plant growth.”^ Moreover, as in 
“ taungya ” burning, only a portion of the soil is heated high enough 
to destroy all the organisms ; these latter are re-introduced when 
outside soil is mixed with the other. They immediately begin to 
multiply at a much greater pace than their enemies which are 
re-introduced at the same time. 

Now the result of introducing untreated soil into partially 
sterilized soil is to still further increase for a time the bacterial 
numbers and consequently the production of ammonia and nitrate. 
This is easy to understand wheu the relative rates of multiplication 
are borne in mind. The rise in numbers of bacteria is sustained for a 
(;onsiderable time ; but after a while the detrimental organisms 
which have also been recovering their numbers, though at a* less 
rapid rate, begin to make their influence felt, and there is a 
depression in the bacterial numbers until the original equilibrium 
between the two groups of organisms becomes established. When 
this takes place, the soil will have returned to its original state 
in respect to plant food being produced by bacteria. 

To reiterate, the effect of heating is an initial and considerable 
increase in the quantity of ammonia present in the soil. This direct 
effect disappears before long, but it is followed by a rise in the 
rate of production of ammonia by bacteria and consequently in 
productiveness of the soil. The latter, or indirect effect of the 
heating due to partial sterilization, may be sustained for a 
considerable time. It does not begin until the dry soil becomes 
moistened by rain, because bacterial (or protozoan) multiplication 
or activity cannot proceed without moisture, and it is checked or 
even stopped entirely when the soil becomes dry again. 

A “ taungya ” burnt during the dry months (March to May) is 
planted or sown on the first appearance of rain. The young crop at 
first makes use of the anunonia directly produced by the heat and 
later of that produced by the increasing bacteria. This continues till 
the crop is harvested, after which the production of ammonia is 
lessened by the accumulation of that substance (which checks the 

1 Jowr. ofAgH. Sei., Vol. UI, pp. 111—144, 

3 
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activities of the bacteria) in the soil, and later by the drying of the 
soil which will eventually arrest the process and check the multipli- 
cation of both classes of micro-organisms for the period of the dry 
season. At the break of the second rains the soil bacteria still retain 
the upper hand, but before the season’s crop has been harvested the 
detrimental organisms are rapidly gaining in ascendency, ajid by the 
time the dry season again comes round they have greatly increased 
at the expense of the bacteria. It may possibly require a third 
season for the original relations between the bacteria and the 
protozoa to be reached, and the effect of the heating may still be 
seen in a third or even a subsequent crop ; but once the original 
stale of equilibrium is fully established between the two classes of 
organisnis, the effect of the burning will have disappeared and the 
soil will have returned to its previous natural state — which, on 
account of its poverty in lime and organic, matter, is one of 
unprofitable crop prodm;tion over very large areas. 

It is a significant fact that “ taungya ” cultivators gejierally 
prefer grain crops, particularly ])enefited by nitrogenous fertilizers, 
in the first years of their “ taungya ”, and reserve their other crops 
such as sesamum, groundnuts, ginger, etc., for the later years. 

The above outlined explanation of the reasons for “ taungya ” 
appears to be the only rational one in the light of recent researches, 
but soil biologists, bacteriologists and chemists will be needed to 
carry out very many investigations on the spot before such an 
explanation can be fully accepted as other than a theory which, as we 
shall show, the results of practical field experiments strongly 
support. 

The cultivator often attributes the success of his “ taungya ” 
crop to the destruction by fire of insects and fungi, and his failure 
after two or three years to the return of these pests. As he can 
often support his belief by pointing to the attacks of such pests on 
unburnt land and after unburnt manure, there is no doubt some 
foundation for his ideas, but the principal effect of burning is not 
in this direction. 


(To he concluded,) 
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Tntrodtttion. 

Ttir following note was written with the object of placing on 
record a short chrotiological account of investigations into jute. 

At the pn'sent time, however, the results of the comparative 
trials, which are detailed herein, are of particular value as 
demonstrati Jig t o jute-growers that, by using departmental seed, 
it is possible to seriously increase the yield per acre, and thus, if 
necessary, grow their requirements on a smaller area. In this case 
more room is left for other crops. 

It is also important to observe that, over a wide tract, dealers 
in jute have offered, and paid, higher prices for fibre grown from 
departmental seed than for local fibre. Quality in jute largely 
consists of length, strength and colour ; also the proportion of the 
length which is free from adherent bark, so ciften seen at the butt 
end of the strand, and known in the trade as " root.” The longer the 
strand of fibre the less the proportion of “ root ” is likely to be, and 
the greater therefore the value of the fibre per maund. The great 
height to which departmental jute grows enables it to yield, on the 
average, a longer strand, a less proportion of root, and therefore a 

• Tliw Note was prepared for tlie Jute Committee of tho Bengal Board of Agriculture in 
December 1920. The introductory paragraph haa been added subsequently in Tiew of the 
discussion going on as to whether cultivators should, or should not, temporarily reduce the 
area devoted to jute. 
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more valuable fibre than ordinary jute. It is thus an appreciably 
more profitable crop for the cultivator to grow than ordinary 
jute. 

Much has been heard recently about the low price of jute fibre 
and the unprofitableness of the cultivation of jute as a crop. It is 
perfectly true that poor quality jute is being sold* on the 
(’alcutta market at prices as low as Rs. 3 per maund, which certainly 
means considerable loss for the producer, but it is also equally true 
tliat good jute is being disposed of at anything from Rs. 20 to Rs. 25 
per maund. The latter prices are almost unprecedentedly high and 
mean very large profits indeed to the cultivator who is fortunate 
enough to obtain them. Moreover, the margin between the top and 
bottom prices is also unprecedentedly wide. What does this mean ? 
M erely that there is a dearth of good jute, and a plethora of bad fibre. 
The last year was a particularly bad Season for the growth of the 
jute crop, a not inconsiderable proportion of which was never capable 
of yielding long jute worth Rs. 20 per maund. On the other hand, 
there is no dou})t that, if it was not possible to produce fibre worth, 
say, Rs. 20 per maund, it Avas in most cases easily possible, by careful 
work, to bring out fibre worth from Rs. 10 to Rs. 12 per maund, and 
if these prices can be realized it is not to be disputed that handsome 
profits are still to be obtained from the evdtivation of jute. It is 
necessary to point out, though, that gdod prices cannot he realized for 
jute to-day unless the filrre is carefully prepared. This may mean 
growing a less area ; but even so the profits from well-cleaned fibre 
will be greater. For instance, suppose one man grows 6 bighas of 
jute which yield him 5 maunds a bigha, i.e., 30 maunds of fibre in all ; 
but he has no time to devote careful attention to the preparation of 
tJie fibre. He therefore only gets Rs. 7 per maund for his fibre, i.e., a 
fotal of Rs. 210. On the other hand, a second person has only 4 
bighas of jute, which is a sufficiently small area to enable him to 
carefully extract the fibre. Tf he reaps 6 maunds per bigha his 
total fibre will only weigh 20 maunds ; but as he may easily get 
Rs. 16 per maund for it his gross revenue may be Rs. 300 from 


* December 1920. 



NOTE ON BiPERtMElNTS WITH JUTE IN BENGAL 


267 


4 bighas, whereas his neighbour only obtained Rs. 210 from 6 bighas. 
There has never been such a wide margin between the prices of good 
and bad fibre, and it will be obvious from the above data that tlie 
right policy for the jute cultivator, at the present moment certainly, 
if not on all occasions, is firstly to use departmental seed if 
possible and secondly to make sure of producing fibre of good 
quality. 

General. 

About 20 years ago, in 1900, f he Bengal Cliamber of (Commerce 
approached the Government of Bengal and asked for an investigation 
into jute, the fibre of which was believed to be deteriorating. 

A sub-committee of the Board of Scientific Advice was appoitited as a 
result, of their representations, and it r(;ported against, the ijlea of 
deterioration, but attributed the comparative inferiority of fibre then 
coming into the market largely to the custom, practised by small 
dealers, of adulterating it with water. At the same time, the 
committee recommended an investigation, by modern scientific 
methods, into the possibility of improving the fibre of jute, as 
regards both quality and yield, and during its existence the 
committee had made a fairly comprehensive collection of the races 
of jute with a view to commencing such an investigation. Partly 
as a result of the recommendations of the committee, and partly 
on account of representations from the jute trade in favour of 
legislation against fraudulent watering, the writer was appointed 
as Fibre Expert in 1904. His first work was in connection with the 
projected legislation which was afterwards dropped. Later, in 
collaboration with Mr. I. H. Burkill, who had been a member of the 
sub-committee of the Board of Scientific Advice, an elaborate 
series of investigations was commenced, havitig for their object the 
improvement of the jute crop. The collection of races of jute made 
by the sub-committee was available, but it was very much enlarged 
by a careful survey of the whole of the jute-growing area. All the 
races of both Corchorus capstdaris and Corchorus olitorim were 
classified in regard to their cultural characteristics of colour, 
earliness or lateness, tallness or shortness, and also in regard to the 
microscopic and chemical properties of their respective fibres. In 
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this way was commenced the culture of “ pure Hues,” i.e., the 
progeny of single plants. 

OORCHORUS CAPSULARIS. 

It was then ascertained by cross-fertilization experiments that 
the danger of contamination of pure strains by chance fertilization is 
small. This haA'ing been established, the investigation was continued 
at first with Corchorm capsularis, and in the interval some thousands 
of types- have come under observation. The best of these types have 
been collected and their seed multiplied to such an extent that the 
progeny of a single plant, Kahja Bomhai, is now cultivated over 
about 200,000 acres in Bengal, Assam and Bihar. Kahja Bbmbai 
was the first of the pure strains to be produced and distributed in 
quantity : it was first necessary to test it on the spot against local 
races and the department was greatly helped in this work by the 
jute trade itself, particularly by Messrs. Sinclair, Murray A (,'o., and 
Messrs. Landale and Clark, of (iaicutta. and tlieir local representa- 
tives, not-ably Mr. .John Luke of Naraingunj. 'Phese <^ompanies nol 
only put land at their mofussil ageiunes at the disposal of the depart - 
ment for the test, but went so far as to finance the tests and also 
to provide supervision. All the department had to do was to 
offer its advice when required. As a result of these tests, carried out. 
at about 25 agencies scattered all over the jute-growing tract, it was 
established that, on the average, the yielding capacity of Kalija 
Boni/}(ti is superior to local races by about one maund (80 lb.) of fibre 
per bigha (yk of acre), also that, bccaiuse it matures later than any 
other known race, it is correspondingly less likely to flower 
prematurely in a drought or as a result of damage by hail. The 
agency tests were inspected by numbers of loc-al cultivators a.nd t hus 
acted as a demonstration, resulting in a considerable demand 
for Kakya Botnlxii seed, which, for the next season, exceeds 
5,000 maunds or 200 tons. 

The results of the agency tests are attached hereto as 
Appendix I (p. 273). 

Other new races of Corchorm capsularis. The investigation did 
not terminate Avith the anival of Kakya Bomhai. Each succeeding 
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year has seen the examination of hundreds of small plots, respectively 
sown with the seed of single plants brought from all parts of the 
jute-growing tracts. The object is, if possible, to improve on the 
results already obtained, and the production of hybrids has also been 
resorted to with the same end in view. All such work is of a laborious 
nature, and to produce a new strain of jute from the beginning to the 
time when its seed is available in quantity to the cultivator requires 
six or seven years. So far only two races of Corchorus capsularis have 
emerged whose yielding capacity is comparable with that of Kakya 
Bonibai. These are R. 85 and D. 154. The plauts of others, such as 
D. 101 and D. 151 , have considerable stature but comparatively small 
yielding power. Comparative figures representing the respective 
yielding capacities of these races will be found on p. 276 ; and those 
of crops raised from two samples of seed obtained in 1918 by Messrs. 
M. David & Co., of Naraingunj, from Simulkandi and Fanduk, 
on p. 274. The latter proved to be a very complex mixture of 
types, and it. will be seen that they yield cousidei'ably Jess fibre than 
depai'tmental varieties. On this account they have not been grown 
in the present year, and a sample of their fibre could Jiot therefore 
be sent to Calcutta. D. i 01, however, of which a samj)lc of fibre 
grown at Naraingunj is available, may be taken as representing 
them. (Single plant selections from the Fanduk and Simulkandi 
crops were made last year, but they again compared unfavourably 
with adjacent standards grown from departmental seed. 

It should be J'emembered that all the new iaces, excepting 
Kakya Bombai, are largely free from a partial bleaching of the 
leaves, called chlorosis, which affects not only Kakya Bombai but also 
a very large proportion of ordinary jute. The incidence of chlorosis 
in the leaf has been correlated with a deficiency in the surface root 
system which undoubtedly advemely affects the growth of the plant . 
This is especially the case in very wet weather, when the superiority 

of iion-chlorolh races is always more evident. 

1 

(JORCHORUS OLITOR1U8. 

Tlic above remarks refer to Cotchoriis capsularis or white 
jute’’; but the same process of selection has been extended to 
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Corchorus olitorim, known to the trade as desi, tosha or hogi jute. 
The result of the latter work has been the production of CMnsuraJi 
Orem which has given extremely satisfactory results in comparative 
tests (Appendix III, p. 278), and a bale of which {bogi “ two’s ” 
grown in the Dacca District) is included in the consignment of 
samples. 

It may be of interest to note here that repeated attempts have 
been made to produce a hybrid between Corchorus capsularis and 
Corchorus oUtorius ; but although the cross-fertilized flower has set 
fruit in which seed have formed, the latter have never been capable 
of germination. Great interest would naturally attach to a hybrid 
plant of this kind, but the only conclusion admissible so far is that 
the two species are too far apart biologically for the hybrid to 
be fertile. 

Seed supply. 

The question of seed supply is one of great importance ; there 
was always a small demand for seed from the department, but 
before 1916 no selected seed was available, and although a small 
area of seed jute was usually grown on Government farms, there 
was naturally no organized system of supply. With the advent of 
Kahya Bonibai, however, and especially after the results of the jute 
agency tests were available, we found ourselves in possession of a 
race of jute whose yielding capacity had been amply proved- 
Moreover, a serious demand for the seed seemed to spring up 
immediately. In 1915 Government agreed to a scheme whereby 
arrangements were made with indigo planters in Bihar to produce 
seed. Messrs. Birkmyre Bros, also grow a considerable amount of 
seed on their Assam estate. At this time the price paid for clean 
seed germinating 90 per cent, was Es. 8 per maund plus cost of bags 
f.o.r. nearest station to producer ; but the demand for the seed has 
expanded so rapidly that Es. 12 per maund was paid for last season’s 
crop, and from Es. 15 to Es. 20 will be offered in the coming season. 
Nevertheless the amount of seed produced is, because of competition 
from crops like sugarcane, not sensibly increasing, and unfavourable 
weather has reduced the total to about 1,000 maunds this year, 
instead of an average supply of about 2,000 maunds. On the other 
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hand, there is a demand for at least 5,000 maunds for the 
coming crop, and the reputation of the seed is now such that 
cultivators are willing to pay much higher prices for it than for 
local seed. 

In view of the limited facilities for production it is obvious that, 
if the seed is sold in the ordinary way, it would not be possible to 
seriously affect the quantity of jute fibre produced within a reasonable 
time. Mr, MUligan, therefore, after consultation with panchayets in 
the Dacca and Mymensingh Districts, decided to try a scheme which 
amounts in effect to making the ryot himself do the last 
multiplication of the seed. To this etid. through the panchayets, 
cultivators were presented witfi | lb. of Kakija Jiomhai seed, on 
condition of a promise not to cut the resulting ci’op uni il the sepd had 
ripened. In this way each cultivator obtained enough seed to sow 
3 bighas of Kakya B'ombai jute in the next season. It was found 
by actual enquiry that the cultivators were enthusiastic over the 
scheme, and that a very large proportion of them bad kept their 
promise and obtained seed for sowing in the next year. The first 
distribution only involved 100 maunds of seed but this went to 30,000 
cultivators. Afterwards much larger (piantities were distributed in 
the same way. This scheme will be persevered with, and, as always, 
particular attention will be paid to tracts, like tJafargaon, which 
normally produ<!e a considerable amount of seed for export to 
Faridpur and low-lying parts of Dacca, Mymensingh and Tippera. 
In this way it is obvious that, indirectly, the efforts of 
the Agricultural Department in the i)roduction of jute seed 
can be considerably reinforced. A later development is to 
place agricultural associations who are producing departmental 
seed in Gafargaon, for instance, in communication with a similar 
association in Faridpur, whose members are unable to produce jute 
seed, and are obliged to buy it every year. I’his development is 
only in its inception and it will be necessary to move slowly at first 
if it is to be successful ; but it has great possibilities. The price to be 
obtained for departmental jute seed, having doubled in the course of 
ten years, tends in itself to encourage the local production of seed 
jute ; but it remains to be seen whether the measures outlined above 
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will ultimately provide sufficient seed. On the other hand, if a 
further serious rise in the price of seed were to take place, the 
raising of jute for seed would become a profitable agricultural 
operation, especially in Bihar where it is at present overshadowed 
by sugarcane. In this case private efforts could probably be relied 
on to produce a large quantity of seed. 

It is perhaps worth while to point out that the cost of the seed 
is a comparatively small item to the cultivator. If he is in the 
habit of paying annas fqur per seer for his seed, and sows 6 seers 
per acre, he lays out Hs. 1-8 ; if he decides instead to grow 
departmental jute at annas twelve per seer, and sows 4| seers 
per acre, the latter costs lls. 3-6. If the latter seed produces 
two niaunds more fibre per acre, the cost of production may be 
an extra Ks. 2-8, making a net difference iti expenditure of 
Bs. 4-6 in all. On the other hand, two mauiids of fibre ought 
to be worth Us. 16, so that the cultivator is a gainer to the 
extent of Us. 11-10 per acre by using departmental seed. This 
accounts for tlie popularity of the seed. 
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isuUsof tests at mofussil jute agencies in lOlo and 1917 with Kakya Bombai 

against typical local jutes. 


rial 

k). 

Place 

1 

i 

! Name of Agency 

t)utturn 

of 

(ihre of 
Kakya 
Bomoai 
per acre 

Outturn 

of 

liijre of 
local 
jute 

tier acre 

Differ- 
ence in 
favour 0 
Kakya 
Poinbu 
peraerr 

^ Remarks 

1 

Saidpuj 

Sinclair, Murray & Co. . 

M. Sr. 

24 ;io 

M. Sr. 

21 0 

M. Sr. 

2 2.7 

Average of o j>lots of each 

2 

DurwHui 

Ditto 

17 :i:i 

1.) 4 

2 21 

kind. 

Average of S plota of each 

:• 

Mymcnsinf^li . . 

DiUn 

22 17 

17 20 

4 21 

kiiuL 

Average ofrl2 plots of each 

-1 

JJoinar 


20 27 

Jn in 

4 17 

kind. 

Average of 2 plot.^ oi each 

5 

Sarihiilmii 

Ditto 

1 o 2‘t 

1 .7 0 1 

0 ia 

kind in 1017 onl\. 
Avi'rage of 8 plots of each 

« 

Suribahai'i 

Landiilc Clark 

ill is 

1 

17 III 1 

2 27 

kind. 

7 

iluldllNMI 

J)ltlo 

27 0 

IJ 10 

12 20 

Axeraiic of 4 jilol^ of each 

s 

Naraiiiuiiiij . . 

iSinclair, Murray & Co. . . 

21 0 1 

JS 0 

2 21 

kind. 

Average of 0 plot** of each 

!) 


Pil'd & (V». 

10 20 ' 

0 0 , 

1 ill ! 

kind. 

Bidiaya Sundur and Kuhju 

I 

Niirinnjruiij 

DinidACo 

111 ltd 1 

Is 20 , 

1 It) 

Bomhui cut at Ix'ginning 
of duly on aceoiiut of rise 
of Hood. The increaseil 
ret uni from Kukya 
Bomba i was enhancei! 
hy superior ijuality of 
its lilire due to early 
cutting. 

Average of 2 ])lots of I'ach 

1 

r*liii(iil]):u'ti 

Laiidalc & dark 

1 

ii; in 

12 2.S 

2 22 

kind in I0l7 only. 
Avemge of .7 ])lots of each 

) 

I'liaiiiiiaiiciiu .. 

Ditto 

1 

2.7 .7 j 

20 (> 


kind. 

Average f>f 1 plots of each 



Sinclair, Mnnuy & Vo. . . | 

1 

11 ;i 

12 2 , 

2 0 

kind ; on further careful 
testing at Dacca these 
tignrcs wen* icversed, 
there being a margin of 
over 2 mniinds to the 
acre. 

Averagi' of 4 plots ot each 

1 

Xiklily 

Ditto 

11 21 j 

12 20 1 

t) 2S 

kind. 

Average of 8 plots of each 

I 

Akliura 

Ditto 

10 22 1 

i 1 0 , 

2 12 

kind. 

Avmage of 7 plots of cai h 

.) 

Aaliujianj 

Ditto 

1 

22 0 1 

IS 10 

2 20 

kind ill lODl only. 
Average of 2 plots of each 

7 


Ditto 

2:5 2(» , 

10 20 1 

7 . 0 

kind in 11110 only. 
Average of 4 plots of each 

S 

dalpaiguri 

Ditto 

1 

IS 20 j 

1 i 22 1 

7 8 

kind in 1916 only. 
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Chmparieon of Kakya Bombai with local races. 

1919. Jute variety test on Messrs. R. Sim <& Go’s Ghowrapara 
(Naraingunj) plot. 


Name of variety 

Average yield 
per acre of 
duplicate 
plots 

j 

M. Sr. 

Dacca Bao 

12 7 

Simulkandi . . 

7 15 

Vauduk 

11 10 

, Kakya Bombai (average of four plots) 

17 r> 

1919. Variety test at Rangpur Gattle Farm. 

Kakya Bombai 

J» 20 

Fandiik 

U 20 

1919. Variety test at Rangpur Demonstration Farm. 

Name of variety 

Yield per 
acre 


M. Sr. 

Dacca Bao . . 

2:i 0 

Simulkandi .. 

i(i :i;i 

Dewti (T/;»(;aI Rangpur) . . 

20 0 

Kakya Bombai (average* of three plots) 

27 35 

R. 8r5 (Recent Dacca selection) 

30 5 

1919. Variety test at West Skoti Field, Dacca Farm. 

Kakya Bombai (average of four iilots) 

17 14 

Simulkandi (average of two plots) . . 

13 20 

Fanduk (average of two plots) 

13 15 

1 
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The above results obtained at the jute agencies, also at the 
Rangpur and Dacca farms, would seem to leave no reasonable 
doubt that Kakya Bombai is a better yielder than any local race 
which has so far been tried against it. The agency tests were of 
course an excellent opportunity for discovering a heavier yielding 
race, and the department was fully alive to this possibility. In the 
few instances when adverse results were experienced, the local seed 
was brought to Dacca for investigation and tested in the next year 
on the farm. In each case, however, the departmental selection 
proved in the end to be better. To sum up, of tests at eighteen 
agencies, at fifteen of which the experiments were repeated a second 
year on reversed plots, there was only one case — Chaumahani — 
where the average figure for the two years was against Kakya 
Bbmhai. On further investigation at Dacca even this was not 
upheld. 

Similar results have been obtained on Government farms at 
Dacca and at Rangpur, and it would appear that Kakya Bombai 
may be regarded as a better yielder than the average local race by 
about a maund of fibre a bigha, or 3 maunds an acre. 
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Comparison of Kakya Bombai and other ww pure races of jufe 

selected at Dacca. 

Dacca Farm, 1919. In this case B. 85, one of the new races, 
was used as a standard, and each plot of the other types had a 
plot of R. 85 on either side of it. This was done to eliminate 
the effect of uneven soil as far as possible. 


Name of race 

Average yield 
of duplicate 
jilots 

Average yield 
of adjacent 
standaitl plots 
of R. 85 per 
acre 

DitTereiK 


M. Sr. 

.M. Si. 

M. 

Sr 

1). 154 

19 :{9 1 

1 17 29 

- ” 2 

1 

Knhfd JionilinI 

Ki 5 1 

1 17 14 

+ 1 

P 

1). loi 

29 5 

21 5 

+ 1 

9 

I). 13(i 

0 

17 :io 

i 

-r 4 

;i9 

Fan^pur Cattle Farm, 1919 . 

1). 154 

1 

24 12 

1 

21 :i:i 

*1- 9 

21 

1). 15(1 .. ■• ! 

22 27 

21 :i 

• -f 1 

19 

Kalcya Bomhni . . | 

1 

19 20 

21 24 

+ 2 

4 


Dacm Farm, 1920 . 


Name of race 


D. ir>4 


B.85 

Kahya Bomhni 
D. 101 


Averago of 
duplicate 
plots per 
a ore 


M. Sr. 
18 0 

18 25 

19 20 

12 5 
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Godemil, Naraingunj, 1920. 

igt‘ yield 
aero of 
ilicato 
otB 


1 ). 154 

K. Kr> .. 

Katya Howintt 
I). KM 

Rangpur CfUtle Farm, 1920. 

U. I .■)4 
R. 85 

Katya liomltai 

A rerage resiiHs over tiro gears. 

Taking the average yields of ciK^li race at different places 
over the two years we have the following figures 

I Average yu’ld 

I in all 

Name of race I oxfieriincnts 

over two years. 

]»(‘r a on* 

M. Sr. 

0 

i\ :ki 
ir, r» 

17 :i:i 
23 {} 

Thus, as far as we have gone, it w'ould appear that both 11. 85 
and D. 154 are, on the average, rather better yielders than Kakga 
Bomhai. Both D. 154 and R. 85 are non-chlorotic races, and sample 
bales of their fibres as well as those of KaJega Bonibai and D. 101 are 
available for inspection. 

This figure is the average for a number of plots, the soil of sonio of which varied 
Bomewhat. It is therefore not strictly comparable. 


1 X 154 

Katya Bomhai 
D. 101 
1 X 13(1 
R. 85 


M. Sr. 
27 * 0 
22 hi 
27 20 

15 15 


20 0 
27 1 3 * 

25 30 


Avor 

Nanio of vnriotv 

dui 

. 1^* 
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Comparison of the new pure race “ Chinsurak Green ” tvith other 
Dacca sdections of Corcliorus olitorius. 

Godenail, Naraingunj, 1918. 


Name of ract* 

Average yield 
of duplicate 
plots per 
acre 


M. Sr. 

Cliinsurafi Oroon 

28 22 

R. 20 

18 3n 

Rajshahi Farm, 1918. 

K. 20 

15 30 

ChinsuTah Green 

21 4 

R. 27 

17 7 

R. 30 

1 r> 31 

B. 02 

14 19 

R. 29 

13 20 

Chinsurak Fann, 1918. 

Chlnsurah Green 

21 23 

R. 27 

14 21 

E. .>0 

20 3 

R. 29 . . 

IH 18 

R. 26 

18 2 
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Dacca Farm, 1919. 


Name of race 

Average yield of 
plots per acre 


M. Rp. 

(Jhiusurah Green 

28 8 

R. 20 .. 

21 30 

R. :w .. 

21 18 

R. 02 .. 

23 10 

Chinsurah Farm, 1919. 

(^hinsurali Green 

29 32 

n. 20 .. 

28 20 

R. 3() .. 

2.> 17 

R. (12 .. 

1 

2S 8 

# 

Ttajshahi Farm, 1919. 

(MiiiiBurali (Jpeen 

20 8 

U. 20 

14 10 

R. 30 .. 

14 0 


Average yield of pure races of Corchorua olitoriua on all plots ovet 

three years. 


Name of race 

Average yield 
j)er acre 





M. 

Sr. 

("hiiiBurah Green 

• • • * 



24 

38 

R. 20 .. 




19 

24 

R. 30 .. 




19 

17 

R. 27 .. 




ir» 

34 

R. 29 .. 




10 

o 

R. 02 .. 




20 

3!) 


The “ Chinsurah Green ” is a green race of Corchorus olitorius 
with a remarkably heavy yielding capacity, which has exhibited 
itself at all places where it has been tried. In the field it does not, as 
might be expected, grow very much taller than other kinds, but the 
plant contains a considerably higher percentage of fibre and its 
higher yields are largely due to this. A sample bale of its fibre is 
avmlabl^ for inspection. 


4 






THE FOURTH ENTOMOLOGICAL MERITING. 


The Fourth Entomological Meeting was held at Pusa from 7th 
to 12th February 1921, both days inclusive, and was attended by 
over forty entomological workers, both professional and amateur, 
from India and Ceylon, a point about these meetings being that 
they are not confined to members of the Agricultural Department 
but have from their inception in 1915 been open to all interested 
in any branch of Indian Entomology. The delegates to the Fourth 
Meeting included representatives from the Imperial and Provincial 
Departments of Agriculture in India, the Indian Forest Service, 
the Indian Medical Service and Medical Research Association, the 
Museums Service, the Indian States, the Indian Tea Association, 
and the CVylon Department of Agriculture. 

The Proceedings were opened with a short introductory speech 
by Mr. S. Milligan, Agricultural Adviser to the Government of India, 
after which the Chairman of the Meeting (Mr. T. Bainbrigge 
Fletcher, Imperial Entomologist) delivered an Address in which he 
welcomed the various delegates to the Meeting, gave a brief resume 
of progress since the Third Meeting, and deplored the deaths of four 
former fellow- workers, viz., Messrs. Hewlett, Paiva, Mitter and Lord 
Walsinghani. Referring to the published work recently issued 
or in progress, he indicated briefly what is being done in the case 
of the Fauna volumes on insects and drew attention to certain 
cases of misleading titles and dates of publications. Some account 
was then given of the action taken on the Resolutions passed by 
the preceding Meeting. 

The Chairman then proceeded to deal with the magnitude of 
the losses to the national wealth of India caused by insects and 
said : — “ We are meeting here as a body of men more or less interest- 
ed in the study of insects. Some of us are whole-time workers 
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in this study, to others it is only part of their work, whilst others 
again find in Entomology a hobby. Some of us are interested 
in the economic aspect of the subject as applied to agricultural 
or forest crops or to diseases of man or animals, others derive their 
main interest from a study of the habits or systematica of insects 
or other aspects of Entomology, but we are all united in the study 
of insect life. In the case of those who do not share this interest 
there is sometimes found a sort of cui hono 'i attitude towards 
Entomology and its votaries, an idea probably founded on the 
fact that insects are small animals and that, therefore, forsooth, 
they are of small importance. We who deal with entomological 
questions know well that this is not the case but probably few 
even of us have tried to realize what is the real importance of the 
study of Entomology in a country sucli as India, where seven-tenths 
of the people depend directly for their livelihood on the produce of 
their fields, which produce is ravaged by insect pests both before 
and after harvest, and where such a vast aggregate toll is taken by 
insect-borne diseases both amongst man and his domestic animals. 
It is usually computed, by those who are in the best position to 
judge, that the annual damage to agricultural crops by insect 
pests is about ten per cent. ; that is to say, the farmer who reaps 
what he considers to be a normal full crop actually gets only nine- 
tenths of what he would have got had there been no damage by 
insect pests. We have few exact records of damage, but in the case 
of main crops such as rice it is probable that an estimate of ten 
per cent, damage is a f.air one. Wheat is rather an exception, 
although it is seriously damaged by termites in some districts, but 
as against this it is badly damaged in store after harvest. 1-have 
been at some trouble to (iollect figures of the annual average value 
of the outturn of agricultural crops in India and this comes to the 
total value of Rs. 16 , 824 , 273 , 000 . Applying the ten per cent, 
rule to this we get an annual loss due to crop-pests of 
Rs. 1 , 869 , 363 , 666 , or say Rs. 1 , 800 , 000,000 in round figures. 
I have taken no account of losses to stored grains, holding these as 
covered by the ten per cent. rule. Large as this loss is, it is only a 
part of the damage wrought by insect pests. We have roughly a 
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quarter of a million square miles of forest in India, of which roughly 
a half is workable ; I cannot give even a rough guess at the average 
amount of damage done annually by insect pests in Indian forests 
but we shall be well within the mark, I think, in placing it at an 
average of Rs. 100 per annum per square mile over the workable 
area, neglecting the unworkable areas altogether, and this figure 
gives us another Rs. 12 , 500,000 to add to our bill against the 
insect world. Then we have the various insects which carry 
disease to man and animals.. I believe that somewhere about a 
million deaths per annum are estimated.as due to malaria, without 
taking into account the incalculable loss to the wage-earning 
capacity of the people due to this disease. In the twenty years 
1898 — 1918 a total of 10 , 254,221 people are returned as having 
died of plague, or an annual average of 512 , 711 . Then we have 
other diseases such as kala-azar and elephantiasis and a propor- 
tion of such diseases as cholera, so that, we shall probably not be 
far wrong in estimating the annual death-roll from insect-borne 
diseases as approximateU 1 , 600 , 000 . It is difficult to put a money- 
value on this loss, but it nmst be remembered that the figures given 
are totals of all degrees in the population and that not all are wage- 
earners, so that we may estimate a modest value of Rs. 100 per 
life, wltich gives us a figure of Rs. 160 , 000 , 000 . Next we have 
the cattle, on whicli the whole cultivation of the country depends, 
and the total money-value of these animals may be estimated at 
Rs. 477 , 950,000 ; taking the losses in live-stock and animal labour 
or produce (hides, milk, flesh, eggs, etc.) due to premature death, 
debility or damage caused by arachnids and insects at 8 per cent, 
of this total value, we find an annual loss under this head of 
Rs. 38 , 236 , 000 . Totalling these various headings we find the 
losses due to : 


Crop-pests 
Forest-pests 
Human diseases ... 
Animal diseases 


Rupees 

1,800,000.000 

12.500.000 
160.000,000 

88.236.000 


Rs. 2,010.736.000 
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or in all, say, in round figures two thousand millions (or two 
hundred crores) of Rupees every year. I do not think that these 
figures are at all exaggerated and it is needless to add that they 
disprove any idea that Entomology is a minor science of little 
practical importance. If we, by a study of insects and by prac- 
tical application of the knowledge gained thereby, can save even 
one per cent, of this enormous wastage of the national wealth of 
India, such a saving would more than justify the most complete 
expansion of entomological work that we can possibly 
imagine. 

“ When I last addressed you two years ago, we met under the 
shadow of the Great War which had come to a close just before 
our Third Meeting and which for over four years had filled the 
newspapei-s with lengthy casualty lists and details of the great 
struggle. But we entomological workers are still living under 
the shadow of a Great War, a strife between ihe Insect World on 
the one side and Mankind and ids possessions on the other, a Great 
War of Waste which is taking place every day not only in India 
but throughout the whole workl and beside which the Great War 
of the Nations becomes almost insignificant when we reckon up 
the total losses on our side. Throxighout the whole world mankind 
struggles to raise crops to provide food for his wants ; and in every 
country under the sun his crops are ravaged by insech pests and he 
himself and his domestic animals stricken with diseases carried 
by insects. To us, as entomologists, such a statement is a truism, 
although, as I have already said, lew even of us realize the magnitude 
of the losses caused by insects, and I am far from wishing to emulate 
the Bellman by repeating : 

‘ I have said it thrice : 

‘What I tell you three times is true.’ 

“However, as entomologists it behoves us to try to educate 
the General Public into some realization of the waste of national 
wealth due to insect pests, and it is with this object in view that I 
have addressed you on this subject.” 

The Meeting then proceeded to the reading of the various 
papers, of which fifty -one wer© ofiered for discussion. Section 
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dealing with Crop-pests, contained nearly a Half of th« 
total, twenty-two papers on various aspects of Economic 
Agricultural Entomology being put forward in this Section. 
Of these we have only space to notice a few. Additions 
and corrections to the list of Indian Crop-pests, summarizing 
the recent work of the Agricultural Department, were made 
by Messrs. T. Baiubrigge Fletcher, Ballard, Ramakrishna 

Ayyar and de Mello. A Crop-pest Calendar for Madras, 
showing the times and areas of occurrence of the principal pests, 
formed the subject of a paper by Mr. T. V, Ramakrishna Ayyar, 
and the ideas' underlying this will probably prove capable of 
extension in other Provinces when further records are accumula- 
ted. Mr. Ballard gave an interesting account, illustrated by a 
detailed map and coloured poster, of a Spodoptera campaign in 
Malabar, and also an account of recent w'ork in Madras on Pink 
Bollworm. Cotton-pests also provided subjects for papers by 
Messrs. Misra and Jhaveri, and three papers on Borers in sugarcane 
and other cereals summarized the work done at Pusa, in the Central 
Provinces and in Gujarat. Mr. Andrews. Entomologist to the 
Indian Tea Association, gave a further account of his attempts to 
produce immunity to attack of mosquito blight {Helopeliis) of tea 
by injecting the tea-bushes with potassium salts. A preliminary 
list of the Insect Pests of Mesopotamia, by Rao Sahib Y. Rama- 
chandra Rao, proved of considerable interest, as it revealed the 
presence in Mesopotamia of several highly undesirable pests which 
we have not got as yet in India, and a paper by Messrs. Afzal Husain 
and Hem Singh Pruthi gave a detailed account of experiments 
on the use of different poisons against field-rats in the Punjab. 

Section II dealt with Forest Entomology and included only 
one paper, by Mr. C. Beeson, Forest Zoologist, who gave an 
interesting account of recent work in Forest Entomology. 

Section III included eight papers on Medical and Veterinary 
Entomology, of which no less than six dealt with mosquitos. 
Messrs. S. K. Sen and H. N. Sharina gave accounts of the effects of 
various chemical substances on the immature stages of mosquitos, 
and the same authors also read a joint paper# on oviposition in 
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Oulicidse. Major S. R. Christophers, C.LE., LM.S., gave a very 
excellent paper on the geographical distribution of mosquitos in 
India, and this elicited a lively discussion on the natural means of 
distribution of insects, in which the probable importance of upper 
atmospheric currents was emphasized. Mr. M. 0. T. Iyengar gave 
an illustrated description of a new thoracic appendage in Anopheline 
larvae, and Mr. T. Bainbrigge Fletcher gave a short address on 
Mosquito Traps illustrated with examples of new forms of traps for 
adult mosquitos. Messrs. Bainbrigge Fletcher and Senior-White 
reviewed our present knowledge of the subject of Surra and Biting 
Flies and exhibited the Tabanid flies collected by Leese at Mohand 
in 1908. A paper l>y Messrs. Senior- White and S. K. Sen, on the 
occurrence of (Joleoptera in the human intestine, dealt with some 
cases, reported from Bengal, of a disease, known also in Ceylon, 
in which the adult stage of a small dung-beetle has been found on 
several occasions in the huma)) intestine ; this paper gave rise to a 
discussion of the means by which infection takes place. 

Section IV, Household and Store Pests, contained only one 
paper, by Messrs. Afzal Husain and Harnam Has, on letJial tempera- 
ture for some stored grain pests, and Section VI two papers on 
Lac by Mr. C. S. Misra. 

Section VIII, Life-histories and Bionomics, accounted for 
nine papers, of which we can only find space to mention a few. 
Professor E. B. Poulton, D.Sc., F.R.S., contributed a further note 
on the proportions of the female forms of Fapilio polt/les, and a 
paper on protective movements and range of vision of Platypezid 
Flies was prepared from notes left by the late F. M. Hewlett. The 
life-histories of some Cel 3 rphid Flies, whose early stages have not 
been detailed before, were described by Mr. S. K. Sen. 

Section IX (Collection and Preservation of Insects) included 
only one paper, on setting without boards. Section X (Systematic 
Entomology) two papers on Coccideo and parasitic Hymenoptera, 
and Section XI (Publications) the report of the Catalogue Com- 
mittee. Under this last heading it may be noted that the project 
for the preparation and issue of a general Catalogue of Indian 
Insects, proposed at the Third Entomological Meeting, has now 



^ A&MCfUtttJEAl. JOtBNAL Ot INDIA [XVt, ttt 

received official sanction and tliat this work is being pressed 
on. 

Section XII (Miscellaneous) is meant to include any subjects 
not provided for in other Sections and at the present Meeting 
this heading included four papers of which the first, on the practical 
application of Insect Psychology, had been prepared from notes 
left by the late F. M. Hewlett and represented the lines on which 
he was working. Mr. G. Beeson gave an account of the Imperial 
Entomological Conference held in London in June 1920, and in 
this connection the Meeting passed an unanimous Resolution 
recording its appreciation of the work of the Imperial Bureau of 
Entomology and particularly of the assistance obtained from the 
Revieur of Applied Entomology. The only other Eesolution passed 
by the Fourth Meeting endorsed the desirability of the publication 
in India of papers dealing with Indian insects sent out to specialists 
by Government Institutes in India. 

The Entomologists were the pioneers of Sectional Meetings, 
of which they have now held four in the last six years, the First 
Meeting having been held in February 1915. It is therefore perhaps 
permissible to say that sufficient experience has been gained to 
assert that these Meetings have been thoroughly successful in 
fostering intercommunication between the various scattered workers 
on this subject and in cementing that spirit of “ mutual confidence 
and mutual aid ” by which, not only “ great deeds are done and 
great discoveries made,” but the individual workers themselves 
learn to feel that their efiorts and aims .form, or at least should 
form, a part of one liarmonious mosaic, which itself represents the 
progress of scientific work for the commonweal. 

A complete Report of the Proceedings has been sent in to press 
and will be published in due course. 



REPORT ON THE FIRST ALL-INDIA EGG- 
LAYING COMPETITION. 


CONDUCTED AT THE U. P. MODE]. POULTRY FARM, LUCKNOW, 
BY THE UNITED PROVINCES POULTRY ASSOCIATION. 

JJY 

Mus. A. K. FAWKES. 

Secretar//. United Province,i Poitllr// Association, and Poult nj Expert 
to V. P. florcrnnicnt. 

The above* competition is the first of ite kind to be organized 
by (Tovernment and as such it has fully achieved its purpose. It 
was organized with a view to encourage the breeding of highly 
productive fowls, and, at the same time, to ascertain the winter 
laying capacity of such birds as should be sent to the competition 
to be tested. No less than 84 entries were received, and 55 of these, 
among them four from England, materialized. A great deal of 
interest was taken in the competition and the farm had constant 
relays^ of visitors, and very large entries are promised for next 
year. 

The conditions laid down were, briefly, that only pullets hatched 
after Ist January, 11)20, would be accepted, and fidly niatuied and 
healthy birds allowed to enter. 

The idea of the short test was to judge, by the bird's iiidividual 
score during the fii'st three months of its laying period, what kind 
of layer it would be likely to continue. In England a pullet laying 
an average of 30 to 40 eggs between October 15th to January 15th 
for a light breed, and the same amount between 1 5th November to 
15th February for a heavy breed, would be considered to be a 
first-class layer, but this is probably not so in India, as many of the 
birds laid between 40 to 66 during the three months’ test. 
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Methods of HOirsiNG and feeding. 

The competing birds were housed in single pens, each measuring 
six feet square and raised 18 inches off the ground, and the floor space 
was covered with river sand to the depth of nine inches. All the 
corn that was fed to the birds was buried in this sand, thus ensuring 
the necessary exercise. The houses were very airy and open, with 
wire netting on all sides, only the floor and roof being constructed of 
well tarredVoodwork. At night light (lanvas shutters were put up 
as a protection. Only two deaths occurred, in spite of very cold 
nights and sudden extremes of temperature to which hens in high 
laying condition are very susceptible. 

The birds were fed as follows : — Two ounces of mixed corn per 
bird was fed daily, the grain consisting largely of wheat, with a small 
quantity of such grains as split maize, grain, unhusked rice and 
millets added. This was given in the early morning, and at 3 p.m. a 
dry and crumbly mash was made of slightly scalded bran, cooked 
tripe of offals of sheep or goats, finely chopped and cooked vegetables 
(the liquor of the cooked meat and vegetables was used to scald the 
bran), and this mixture was dried off with (ioarse flour {aita) or 
barley meal. The meat formed 5 per cent, of mash and was 
gradually increased to 1 oz. per day per bird. Each bird had not 
less than 2 oz. of the soft food, and more was. given if the birds 
seemed hungry. Freshly cut leaves of lucerne, country spinach, 
turnip tops, etc., were hung up in each pen daily for the birds to 
peck at. Powdered charcoal and shell grit were always before 
the birds. The pens were regularly sprayed with “Milton” 
disinfectant. 

Test and results. 

The 54 pullets were of various pure breeds as follows : — 

29 White Leghorns. 

6 Black Leghorns. 

5 White Orpingtons. 

4 White Wyandottes. 

10 Black Minorcas. 

The grand total of eggs laid during the tLree months was 2,049. 
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The avprafrp per hen worked out. at :iT2r> e<r}rs i„ tJio 92 days. 
This low averafrp is ac<-oimled for l»y the fact that. .i„d po„r 
layers were sent. We hope this averajfe will he nuich hifflier next 

These 2.040 eggs. a.i)proxiina.tely 170 dozen, were sold for 
eating at the rate of Rs. 2 per dozen, thus realizing Ks. 840. Only 
.)K eggs were below 2 oiinee.s, f»r an a.verage of 1 second grade egg 
per lien, during the three months’ test. The total weight of eggs 
was 4.210i oz. (203 lb. 2i oz.).; this compares very favotiralilv with 
the large ntimbers of .second grade (‘ggs laid in the laying tests of 
other countries, and India should etideavotir to tnaititain this factor, 
as the weight is so essential to balance the small size of the (*gg of 
the country fowl. One hen laid 47 eggs weighing 7 lb. 7^ oz., 
only 1 1 oz. less than the best layer in the test, whose total was 
65 eggs weighing 7 Ib. 8| oz. This pullet was a White Leghorn 
owned by Mr. A. Bnllmore of .Madras. 8he weighed under 4 lb. 
8he secured His Excellency the (toveruor’s cup for the best 
layer in the competition. The cost t)f feeding the birds amounted 
to Rs. 101, the cost of labour was Rs. 54. a total expenditure of 
Rs. 155. The profit, balance pins the entry fees of Rs. 8 pet 
bird was expended in handsome, awards to the winning birds. 
Other costa were borne by the United Provinces Poultry 
Association. 

Record of test pens. 


Pen 

Brood of pullet 

Name of owner 

No. 

of egg« 
laid 

Deseription of prize awarded 

1 

White Wyandotte 

Mrtt. Lane 

4 


2 

Bo. 

Do. 

29 


3 

Black Leghoru 

Do. 

died 


4 

Do. 

Do. 

52 


5 

White Leghorn 

Mrs. Tilley 

52 


6 

Do. 

Do. 

36 


7 

Do. 

Do. 

37 


8 

Do. 

Do, 

10 


10 

White Orpington 

Mrs. l^ambert 

31 


11 

Do. 

Do. 

U 


12 

White Leghorn 

Do. 

52 

Best layer owned by 
resident of the U. P. 

13 

Do. 

Do. 

57 
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Eecord of test pens — Concld. 




Pen 

Breed of pullet 

Name of owner' 

No. 

Description of prize 
awarded 

14 

White Leghorn 

Mrs. Richardson 

38 


io 

l)o. 

Do. 

34 


20 

Black Minorca 

Mr. Beck 

23 


21 

Do. 

Do. 

17 


24 

W'hite Orpington 

Mr. Brewin 

51 

Best layer of White 
Orpington breed. 

25 

' Do. 

Du. 

41 

20 

Do. 

Do. 

48 


28 

White Leghorn 

Mr. Green * 

27 


31* 

Do. 

Mr. Bullmore 

63 


32* 

Do. 

Do. 

65 

The best layer among White 
Leghorns, and also in 
the whole competition. 
Awarded H. E. the 
Governor's cu]). 

33* 

White Wyandotte 

Do. 

tk) 

Best layer among White 
Wyandottes. 

34* 

Do. 

Do. 

49 


35 

AVhitc l.ieghorn 

Mrs. Peychers 

49 


30 

Do. 

Do. 

32 


37 

Do. 

Do. 

47 

Layer of heaviest eggs. 

38 

Do. 

Du. 

44 

41 

Black Minorca 

Mrs. Morbey 

44 


42 

Do. 

Do. 

30 


43 

Do. 

Do. 

38 


44 

Do. 

Do. 

41 


47 

Do. 

Mrs. Johnhon 

50 

Best layer of Black Minorca 
variety. 

48 

Do. 

Do. ’ 

28 

49 

White Leghorn 

Mr. H. F. Baker 

43 


50 

Do. 

Do. 

50 1 


51 

Do. 

Do. , 

44 


52 

Do. 

Do. 

52 


57 

Do. 

Mrs. Desmier 

32 


58 

Do. 

Do. 

34 


59 

Do. 

Do. 

2S 


00 

Do. 

II. S. Khan 

14 


01 

Do. 

0. K K.*’ 

32 


02 

Do. 

Do. 

23 


03 

Black Minorca 

Do. 

46 


64 

Do. 

Do. 

^ 47 


07 

Black lA'ghom"', 

Mr. B. R. Splane 

14 


08 

Do. 

Do. 

5 


09 

Do. 

D(i. 

58 

Best layer of Black 
Leghorns. 

70 

Do. 

Do. 

25 

113 

White Leghorn ' 

Mr. Alfred Brown 
(England) 

44 


114 

Do. 

Do. 

35 


115 

Do. 

Do. 

40 


110 

Do. 

Do. 

54 

Best layer sent”’ from 
overseas. 


* Four beat piilletH in the competition. 


Certificates of first class merit were awarded to the birds who 
laid 60 eggs or over, and of second class to those who laid 40 to 

49 eggs. 
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THE GROWTH OF THE SUGARCANE * 


BY 

c. A. BARBER, C.I.E., Sc.D., P.L.S. 

VIII. 

DipPERiNft radically from the length of the cane, the thickness 
ia, within cert.ain limits, fixed for each variety. We have thick, 
medium and thin forms, and the thickness attained by individual 
canes is not nearly so much influenced by climatic and other external 
conditions as is their length, which we discussed in last month’s 
paper. An ordinary sugarcane in the field will have a thickness of 
from 1 J to 2 inches, but there are two classes in which these limits 
are overstepped. Here and there throughout the sugar belts we 
meet with very thick -stemmed varieties, sometimes distinguished as 
“ elephant ” canes, ’faking the Tanna series as examples, the 
following are characters which distinguish them. They do not grow 
too tall for ease in reaping, do not fall easily and are markedly 
r esistent to the commoner cane disease : there are comparatively few 
canes in the bunch but the tonnage is good ; they are self-cleaning, 
in that the dead leaves readily fall off. On the other hand, the juice 
is rather poor and elephant canes are not usually in much favour 
on the estates : they are sometimes found troublesome in the mill 
because of their great thickness. This is of course especially the 
case with the primitive bullock crushing mills, where it is not 
uncommon for the canes to be sliced in half before pushing between 


* Reprinted from The IrUemcUional Sugar Journals August 1920* 
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the rollers, owing to the heavy work devolving on the cattle. In 
spite of these disadvantages, the Tanna canes appear to have been 
received with favour in certain localities and the yield is often very 
heavy. In parts of Bengal and Bihar, where lodging is a serious 
drawback in the light alluvial soils, especially when the fields are 
flooded by the monsoon rains, these canes can be seen standing up 
handsome and pillar-like among the falling thinner varieties. 
Elephant canes, which are usually from two to three inches in 
thickness, are an interesting class but cannot be regarded as in any 
sense the climax of selective development. It is, indeed, arguable 
that, among the cane varieties most valued on estates, the trend is 
rather in favour of the thinner than the thicker forms, a point of 
view to which we shall refer later on. 

In marked contrast to the elephant canes are the varieties 
indigenous in India. Although a few of these, such as Mojorah of 
Assam, may rival in thickness the tropi(!al varieties, it is usual 
to designate the latter as the “ thick cane ’’ series. Most Indian 
canes are well under on inch in thickness and some are very much 
thinrier. For instance, it is probable that the great bulk of the 
canes reaped from the 400,000 acres of sugarcane in the Punjab are 
distinctly less than half an inch in diameter, besides having a thick, 
tough rind and much fibre. Indian canes are frequently classified 
under three classes, Ukh, Ganna and Paunda, although this 
classification is more suitable to the canes in the United Provinces 
(where it arose) than elsewhere. The Paunda canes are from 1^ to 
2 inches in diameter and are probably all introduced tropical canes, 
some of them having been in the 'country for a Jong period. The 
Ukh varieties form the mass of canes grown in the north of India 
and are present in an enormous number of varieties separable 
into several great groups. They are, like the Punjab canes, 
thin and fibrous, but the juice, such as there is of it, is sweet. 
Between these two classes are the Ganna canes, generally from 
one-half to one inch in diameter, with less fibre and more juice 
than the Ukh canes, but this juice is of poorer quality ; they are, 
further, less hardy and more liable to diseases such as red rot, 
and, in cousequence, have greatly diminished in favour during the 








Fig. 1. Katha Cane from the Punjab. Fig. 2. Some tiny Ukh Canes taken from the mill 

yard, compared with a Paunda Gane. 




THE aROWTH OR THE SUGARCANE 


293 


last half century. They belong to several well defined groups, 
of which the most interesting, from our point of view, is the 
Pansahi,with perhaps twenty varieties, for to it undoubtedly 
belong the Uba cane of Natal and the similar varieties of South 
America though how and when they were transferred from India 
has not as yet been determined. 

This opportunity is taken to illustrate the relative size of the 
typical Paunda, Granna and Ukh canes grown in India. Figure 2 
on Plate XIX is added to show what tiny specimens are 
occasionally crushed in the mills. All the pictures are drawn or 
photographed on inch squares. Plate XVIII, fig. 1, is of a Cliittan 
cane from Madras, a typical Indian Paunda variety. Figure 2 on 
Plate XVIII is of Pansahi from Bengal, a typical (lanna cane. 
Figure 1 on Plate XIX is one of Katha from the Punjab : an 
average cane of the main Ukh variety grown in the tract. Plate 
XIX, fig. 2, lastly, shows some canes collected by the writer 
from the mill yard in India. On the right is a specimen of the 
ordinary Paunda canes grown. In the middle is an Ukh 
specimen collected in North India : it was not a?) average cane, 
but one of many of similar diameter being crushed. On the left is 
wa. average, specimen taken from a ton of canes just arrived at the 
mill from a poor field of ratoons : it Tueasun'd, all over, from base 
to apex, only 14 inches, and was collected because of its unusually 
meagre proportions. One specimen, only 8 incites long, was at fii'st 
taken off the cart, but was rejected as distinctly below the average. 
It seems strange that it should be worth while to crush such canes, 
but 1 was interested to learn that the season's work turned out to be 
very profitable to the mill concerned. 

Taking thickness into consideration, there is yet another class of 
canes which deserves mention here, namely, the seedling canes which 
have been obtained during recent years by crossing thick tropical 
forms with the thin Indian canes. Such are the Java seedlings 
Nos. 33, 36, 139, 213 and so on, obtained by crossing ('heribon with 
Chunnee, hardy, free tillering, thin canes which have met with much 
acceptance in places where the climate is unsuitable for the growth 
of the more delicate tropical kinds, especially in Argentina and 
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different parts of India. Many similar crosMS between indigenous 
Indian canes and those of the tropics have recently been raised at the 
Cane-breeding Station at Coimbatore, and these have now been 
distributed and are entering into competition with the North Indian 
forms which they are designed to displace. Lastly, there is a curious 
set of seedlings, also emanating from Coimbatore, which closely 
resemble these crosses but have apparently no Indian blood in them. 
Whenever large blocks of thick cane seedlings have been raised, one 
or two have been noted with much thinner stems, but amazing 
vigour and hardiness though poor in juice withal. In spite of the 
last named defect, they have been carefully reproduced and have 
been largely used to cross with thick canes to obtain a special blend 
of hardiness with moderately good juice. Some of the seedlings thus 
raised are among the most promising which the Station has sent out. 
Owing to their peculiar and little understood mode of origin these 
aberrant seedlings have been termed “ rogues.” 

Turning to the growth in thickness of the individual sugarcane, 
we have seen in former papers that each stalk arises from a bud and is 
extremely thin at its junction with the parent stem.^ The joints, 
once formed, do not themselves increase in thickness, and for this to 
take place in the canes each succeeding joint is broader than its 
predecessor until the thickness usual for the variety has been 
attained, after that the new joints remain of this thickness but 
greatly increase in length, so that the cane is pushed up 
pillar-like without any alteration in its diameter. In this matter 
the cane resembles the palms, whose tall stems are usually of a 
uniform thickness all the way up. There is no secondary thickening 
of the stem such as we are accustomed to in the trees of temperate 
regions, owing to the absence of any cambium layer. Toward the 
summit of the cane the thickness rapidly diminishes among the 
immature joints and the cane ends in a conical apex. We can thus 
prepare a section of the whole cane and compare it with a 
cylindrical rod with pointed ends. (Plate XIX, fig. 2.) 


1 TJut Agn. Jour, of India, Vol. XV. No. 2 ; Ibid, Vol. XVI. No. 1. 



But -riile ““ “‘T lSn»« <rf 
a more detailed stu y o tawA «*» ^ • 

ehowa certain eJtcepl'ona. Tte h _ mAuIl 

often thinner in their lower part ani We pM»^ . 
upwards, Bometimes ending duh-like before the final narrow^»t tM 
apex. On the other hand, the latest formed canes of the clump &re 
often enormously thickened at the base and quickly narrow upwards. 
This latter peculiarity is specially met with in those abnormally 
thick late shoots which have not time to ripen before harvest and are 
termed gourmandizers or water shoots. Most canes, furthermore, 
are not strictly cylindrical, but oval in section, being wider in the 
median plane (that in which the row of buds lies) than in the lateral. 
And an extreme case of ovalness ha.s been met with in certain 


varieties, in that the basal part of the cane is literally flattened out, 
and in the lateral instead of the median plane, and does not reach its 
comparatively cylindrical form for some way up. Such exceptions 
need not interfere with our general conception of the growth in 
thickness and form of the cane, and are merely mentioned here to 
emphasize the point that, in every case where detailed study is 
made of any natural phenomenon, exceptions are found which are 
paradoxically claimed to “ prove the rule ” by their very rarity.^ 

In the opening sentence of this article we spoke of “certain 
limits ” within which the normal thickness of the canes in any one 
kind of cane will vary. Everybody watching the canes passing up 
the carrier to the mill will have noted that, while there is a 
general average thickness in each kind of cane, many isolated 
canes either exceed or fall short of it. The cause of this 


constant variation has been somewhat fully explained in previous 
papers of this series {see especially The Agri. Jour, of India, 
Vol. XV, pp. 662-663 and the figures on the accompanying plate). 
Stating the case briefly, we know, from our dissections of the 
branching system of the cane plant, that those first appearing are 


^ C. A. Barber. “ Stnciics in Indian Sugarcanes, No. 4.” Mem. Dept. Agri* India, Bot. 
Ncr. X, 2, 1919, page 126. See also in the same paper Plato XVII where the usual form of 
basal thickening of the oano is clearly shown* 


6 
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usually the thinnest, and that the later formed branches are thicker 
and thicker according to the order of branching they represent in 
the clump complex. Willi the normal thickness of the variety in 
one’s mind it is thus easy, at Ihe mill, to separate the canes into 
those formed in the early and late parts of the season. And the 
limits of variation around the normal or average will depend 
upon the formula of the branching system^, being wide in the case 
of canes with an extended formula, such as the Indian canes, and 
narrower where, as in the tropical forms, there are fewer canes in 
the bunch and the formula has fewer orders of branching. 

We have thus far considered the thickness of the cane as a 
whole and studied its variations in different parls, assuming that 
each joint is uniform throughout its length. Tliis is, of course, not 
the case. While the joints of some canes are almost uniformly 
cylindrical, those of others differ in thickness in different parts of the 
length, this giving them a characteristic shape. In some canes the 
joint is thickest at the node, and it becoim's bone-shaped or 
biconcave ; in others the joints are thickest in tin; middle and are 
biconvex or barrel-shaped. Sometimes the base of the joint is 
thickest and the rest tapers upwards, and sometimes tlie reverse is 
the case ; and there are endless minor variations of these main types. 
The interesting feature in these joint shapes is that, they are usually 
constant for the variety, and we have some reason to believe that the 
shape of the joint is one of those few charact ers of the cane which we 
know are handed down from parent to offspring.® 'rhe shape of the 
joint has already been found usefulin determiningthemale parentage 
of an unbagged seedling, when several adjoining jdauts have been in 
flower together. The text -figure on next page shows some typical 
shapes of cane joints. 

The thickness of tlie cane is an important factor in the weight of 
the crop, and the question naturally arises as to whether we can in 
any way control it. A good deal of work has been done at various 
times in planting the CTine sets at different distances apart, as 


^ The Agri, Jmir. of India, V'ol. XV, No. 4. 
* The Agri. Jour, of India, Vol. XVI, No. ]- 
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influencing, amongst other things, the weight, of the individual canes. 
Many years ago, Stubbs in Louisiana showed t hat, by planting the 
sets more widely apart, thic-ker canes could be obtained. This 
question has been more exhaustively studied in Java. There it 
became a matter of some import;anc*e to use as few sets as possible 
per acre, because, at the onset of the sereh disease, the planting 
material had to be raised in special hill nurseries far from the 
plantations in the plains. Muller Von Czernicki has published the 
most useful and comprehensive studies on the subject. 





TTis results agree in the m<ain with those of Stubbs as to the 
(‘fleet of spacing, and he showed that for each variety experimented 
with there is an optimum of cane reaped, which can be obtained by 
regulating the distance of the cane plants from one another in the 
rows. This matter of spacing is a suitable subject for experiments 
by planters, for no general rule can be formulated. The optimum of 
yield has to be determined for each variety grown, for each soil and 
treatment, and for all of the various factors influencing cane growth, 
such as constantly differ from estate to estate and even from field to 
field. In these days of intensive work in the factory, cultivation is 
liable to be somewhat neglected, but it is perhaps more by a careful 
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study of the work in the plantation than anything else that the value 
of the crop can be increased. That the variations in thickness 
may be considerable is evident from the following data published 
by the observers quoted above. Stubbs planted his sets 18, 12, 
and 6 inches apart in the rows, and the resulting average weights 
of the individual canes at harvest were 2'60, 2'49, and 2'17 lb., 
respectively. Muller Von Czemicki varied his distances by planting 
from 8 to 18 sets in the same length of row, and found that the weight 
of cane in the more sparsely rows exceeded those in the more closely 
planted by as much as 1 4 per cent. Although the weight of cane may 
depend equally on its length and thickness, and measurements of the 
former are iwt given by these observers, Muller Von Czernicki 
carefully measured thousands of canes as to individual thickness, 
and came to the conclusion that this was the chief factor in the 
case. All other workers agree that wider spacing produces thicker 
canes. 

But, for a true estimate of the value of a crop, we must have 
some knowledge of the sugar content of the canes at harvest, and 
many investigators have tackled this problem, unfortimatcly, 
without knowing the way in which the cane plant was made up. 
They generally agree that the thicker canes of a crop have the purest 
juice. But the results here are less convincing ; we now know 
that the thicker canes are those formed towards the end of the 
season, and that the relative richness of the juice in early and late 
canes wiU depend upon the period of growth at which the cane is 
out, opening up a further fruitful field for inquiry.^ 

In concluding these remarks on the thickness of the cane, we 
may add a few words on another problem well worth investigating, 
namely, have the thicker or thinner varieties of canes the richer 
juice ? We have foimd that the purity of the juice of seedlings 
depends directly on that of their parents ; the descendants of rich 
canes will, on the average, have rich juice and the converse. We 
have also observed that, when canes are crossed, the average sucrose 
percentage in the juice of the seedlings varies around the mean of 


^ TM Agri* Jour, oj Indian Vok XV, No. 6. 
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that of their parents. In judging the relative richness of the juice of 
thick and thin varieties, we must therefore confine our comparison 
to seedlings of the same parentage. As the results of many hundreds 
of observations we have come to the conclusion that, as a rule, the 
extremes of each series are worthless from the sugar point of view. 
Excessively thick or thin seedlings of a series generally have juice 
considerably poorer than the average. In a general collection of 
seedlings with common parentage, we have not been able as yet to 
come to any definite conclusion, although there seems to be a well 
defined tendency towards the thinner seedlings being slightly richer 
in juice than the thicker. Li crossed seedlings, where a thick 
tropical cane has been crossed with a thin Indian one, there is an 
equally well-defined tendency in the opposite direction, the thicker 
seedlings of the series having slightly richer juice thafi* the 
thinner.^ 

A ThiH subjiTl. liaus Ikm'h more fully developed in ‘‘Studies in Indian Su^zarcaues, 
No. 2.'’ il/t/u. Dipt* Agri. IiidUh Dot, SV/.. VIII, 3, 1910, pp. 178-179, 



A STUDY OF THE INDIAN FOOD PROBLEM.* 


■«Y 


I’AYA SHANKAR DUHKV, Al.A., 
Schohir in. EmnotnieK, Unirirmti/ of AU(th(il>n<l . 


Introduction. 

The object of this paper is to mahe an impartial study of the 
food problem of this country with a view to finding out its total 
requirements of food-grains and the total sup])ly of the same 
frorri the statistics that are at present available. In ]870, 
Dr. Dadabhai Naoroji, in his book “ .fh>verty and IJuBritisli Rule 
in India,” tried to show that the masses of Indian population were 
existing at that time in a condition verging on starvation. 
Sir W. Hunter, in his book “ England’s Work in India,” observed 
that a fifth of the population (or 40 millions) went tlu'ough life 
on insufficient food. In 1901, Mr. William Digby, in his book 
“ Prosperous British India — a Revelation,” reached mucli the same 
conclusion as Dr. Dadabhai Naoroji as to the stf iving condition 
of the Indian masses. More than 18 years have passed since the 
publication of the last named book, and the condition of the 
Indian people has undoubtedly changed a great deal ; but till 
lately no attempt has been made to make a thorough and 
exhaustive study of this problem in the light of information which 
is now available. 

Divergent views are held regarding the condition of the Indian 
masses. Many Indian thinkers, whose opinion is entitled to much 


* UepriuU-a Irom Th Did. dour, oj Eeo., Vcl. Ill, Pt. 1. 
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weight, hold that the condition of the Indian masses is going from 
bad to worse, the majority of them being under-fed, with the result 
that their physical condition is deteriorating ; while others, who are 
equally important personages, hold just the opposite view. Food 
being a vital ne(;cssity of life, the importance of the problem of 
finding out the extent of semi-starvation in India at the present time 
cannot be over-estimated ; and it is high time that some impartial 
and exhaustive inquiry should soon be undertaken. Recently 
Rai Bahadur Ganga Ram, (J.I.E., M.V.O., late of the P. W. D. 
(Irrigation Branch), a })old and successful farmer of the Punjab, has 
attempted to tackle this problem very ingeniously in the first chapter 
of his interesting and useful little, book “ The Agricultural Problems 
of India ” ; ami after a careful calculati.m he comes to the conclusion 
that 77 million tons of food-grains were required in India during 
the year 11H2-13, whilst the harvests of that year produced 76' 36 
million tons. Altliougli the llai Bahadur has opened up an 
important line of stal istica l inquiry, I strongly feel that the subject 
has not been dealt, with as cxliaustively as it ought to be to enable 
us to arrive at au}- satisfactory conclusion regarding this all 
important <piestion. I, therefore, venture to deal, in the following 
few pages, with the same problem jiractically on similar lines. 

Tjie k.vtknt oI’’ the inquiry. 

At the outset it must be made clear that I think it necessary to 
confine the inquiry to British India only, because agricultural 
statistics for all Native (States ai'e not available, and the agency for 
collection of statistics in most of those Native States for which 
agricultural statistics are available is not so trustworthy as that in 
British India. 


The nature op the inquiry. 

The inquiry naturally falls under two heads. Under the first 
we have to consider the total requirements of food-grains by adding 
up (a) the quantity of food-grains required by the whole population, 
assuming them to have sufficient food to maintain them in health 
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and strength; (b) the quantity consumed by cattle, and (c) the 
quantity required for seed. Under the second we have to consider 
the total supply of food-grains by first finding out the total outturn 
of all the food-grains and pulses, after making due allowance for 
wastage ; and then adding the excess of imports over exports of 
food-grains from and to Native States, and subtracting the excess 
of exports over imports to and from foreign countries. 

The period of the inquiry. 

It is a well-known fact that hurvests in India fluctuate much 
from year to year, and that stocks of grain are commonly carried 
over from one year to another ; and so, in order to arrive at a 
trustworthy result, the inquiry must be extended over a sufficiently 
long period so that it may include ordinary, good and bad years from 
the agricultural point of view. Therefore, before entering on the first 
part of the inquiry, it is necessary to decide the period of inquiry and 
to ascertain the agricultural condition of each year. In my opinion, 
seven years’ time is a sufficiently long period to give us a fairly good 
average, and I have decided to confine the inquiry to the period 
commencing from the year 1911-12 and ending with the year 
1917-18. 

Agricultural condition op different years op the 

PERIOD. 

Now the next step is to ascertain the agricultural condition of 
ail these years. During 1911-12 winter rains had been favourable 
and, with the exception of a few afflicted tracts of Gujarat and 
Kathiawar, the year viewed as a whole was an ordinary one. In 
1912-13 there was a good monsoon rainfall, but there was a slight 
failure of winter rains, particularly in Northern India, and so the 
year as a whole was an ordinary one. In 1913-14 the monsoon, 
after the middle of July, was irregular and the rains in the United 
Provinces and Central India ceased in early September. In parts of 
Bengal, Bihar and Orissa, and Madras, excessive rain resulted in 
heavy floods. The winter rains were also deficient in the United 
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Provinces, Central India and Eajputana, and famine conditions 
were established in parts of those provinces, and therefore from an 
agricultural point of view it was a bad year. In 1 914-15 the monsoon 
was favourable for the autumn crops except in parts of Northern and 
Western India. The winter ric-e crop was adversely affected in some 
parts, and the conditions for wheat were favourable except in Bihar 
and Orissa and Bengal. Rain and hail caused some damage to the 
crop, but on the whole the spring crop vvas good, and so the year 
may be taken to be an ordinary one. In 1 91 5-1 6 weather conditions 
were not altogether favourable owing to a weak and irregular 
monsoon and inadequate and untimely winter rains particularly in 
Northern and Western India. There were serious and disastrous 
floods in Assam and in parts of Bengal and the United Provinces, and 
so it was a slightly bad year. In 1916-17 the monsoon" was 
remarkably vigorous and gave abundant rainfall throughout the 
countiy. It arrived early and continued late, the distribution of 
rain being remarkably imiforiu, and so this year was an exceptionally 
good one. In 1917-18 the south-west monsoon was exceptionally 
bountiful and prolonged, but winter rains were defective in the 
north and centre of India and, speaking generally, the copious 
south-west monsoon rendered this deficiency far less serious than 
otherwise would have been the c.ase, and so this year was an ordinary 
one. So we see that, in the period under inquiry, we had four 
ordinary years, two bad years, and one good year. 

Quantity of food-grains required per head 

PER DAY. 

Now I turn to the first part of the inquiry. First of all, we have 
to find the quantity of food-grains required by the whole population 
of British India, assmning them to have sufficient food to maintain 
them in health and strength. F or this purpose we have to determine 
the quantity of food-grains and pulses daily required by ordinary 
men to maintain them in health and strength under different age 
groups. Now the latest Famine Codes of the United Provinces, 
the Punjab, Bengal, Bombay and Madras give the following wage 
scale, whieh is worked out on the principle that the famine 
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wage should be the lowest amount sufficient to maintain an 


ordinary man in proper health. 


Workers-* 


ChKaialu * 

IMggets 


18 

Oftrriert 


14 

Working children . . 

•• 

10 

Dependents — 



Adult (males) 


12 

„ (females) 


1 10 

Children (10-14) 


8 

„ (7-10) .. 


0 

„ (under 7) 


4 

„ (in arms) (to the mother, 


:i 


* 1 Ch}iatnk=2‘{>^>l o/. 


It is further mentioned in the United Provinces, the Punjab 
and Bombay Codes that, if cooked food is given, the price of the 
ration, including the allowance of salt, oil, condiment and fuel, etc., 
should equal the price of the grain allowance prescribed in the 
above table which includes the margin for these articles also ; and 
the Bengal Code says that if cooked food is given the allowance for 
grain should be reduced in the case of workers and adult dependents 
by two chhataks, and in the case of children from 14 to 7 by one 
chhatak. The reduction may be taken as representing the amount of 
pulse, salt, ghee, condiment and vegetables which should form part 
of the ration. So the rations of food-grains for cooked food, excluding 
pulse, given in addition to that of vegetables and other articles 
according to the above-mentioned Famine Codes, would stand as 
follows : — 


Workers — 

Chhatnhi 

Diggers 

10 

Carriers 

12 

Worldng children . . 

8 

Dependents — 


Adult (men) 

10 

„ (women) 

8 

Children (14-10) .. 

7 

„ (10-7) .. 

T) 

„ (under 7) . . 

4 

„ (in arms) (to the mother) 

3 
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After making an allowance for pulse of one chhatak per day for 
adults and half a chhatak per day for children above 10 and turning 
chhataks into ounces at the rate of 2*057 ounces for one chhatak, the 
above may be represented in a slightly different manner as 
follows : — 


Quantity of food-grains excluding vegetahle required per head per day. 


Age 

OZ. 

0 to 1 

0*2 (in ainis^ ^to lljr mol her) 

1 to 2 

0*2 y, ,, 

2 to fl 

S*2 (niitlcr 7) 

n to 10 

10*3 (from 7 to JU) 

u» to ir. .. .. .. 

15*4 


1<» 

1 — - /r 1 i . 1 1 _ . 1 ... 1 : 1 :i .i_ \ 

1.1 t(» 50 (m;tl(‘s : workers) 

. . w y,. ... .V' 1.’^ - * IWJ.. ^ 

5.5*0 (iMpviors) 

15 to 5(> (nialrs ; orKc'rs) 

22*(') ( l)(‘]i(‘n(l( n' ndiilt -mm) 

J5 lo ro : voikfr^) 

20*7 ((’juru'is) 

li to 50 (femaU*^ : noa-w 

i l'***5 (l)«“|ie. d mO atiiiU-h mall"-) •• 

The CeiifTal Provinces Paniine 

Code of .1890 gives the following 

full ration (d food-grains and juilsei 

5 for able-bodied j)ersons : — 



!•< 1 a turn 

J'\ir a W'un.-m 

i 

Fioiir i»f coamawi lmmiii n.^cd in t*(»untr\ nr fl(‘an 

J 1 Cf 

i /. 

n'/,. 

24 

20 

Plllsn.s 

4 

4 

S.iK 

1 

1 

(thi r or tnl . , . . . . . . 

l“ 

; r 

t 'on IniK-nl - aii'l \ aUlt-.-. ... 

1 

1 

1 

1“ 


For childrcu, 2, J and I according to age and requirements. 
The a))ove may be lepresented as follows : — 

Qmnlilg of food-grains and pulses excluding regclahle required per 

head qn'r day. 


Ajio 




oz. 

0 to 1 





1 |1> 2 





2 to 5 




7 

5 to 10 




14 

10 to 15 



. . 

21 

15 to 50 (imvlos) 




28 

15 to 50 (ft'inaU's) 


*• 


24 


In the Central Provinces Jail Manual it is expressly stated that 
all native prisoners shall have three meals a day — in the early 
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morning, at mid-day, and in the evening — and the diet scale shall be 
as follows : — 


For male 

eonviets 


For non-labouriug 
male comicts, 
male prisoners 
undergoing simple 
imprisonment, and 
female prisoners of 
all classes 


Early morninq — 
nice, or “ . . 

Wheat or Juar flour 

Molasses 

Salt 

Vfin-DAY AND RVENINO — 
Rice, or 
Wheat flour, or 
Jmr flour, or . . 

Rice and flour 
JJal 

Vegetables 

Oil 

Salt 

Condiments 


Chludftlcs 


ChhiUakH 


k I 

iV \\ 


ih 




10 
1 1 
11 - 


i 

!> ' 


3 




:) 


i 

I’l 

t 


1 

1 

4 


From the above we find that the quantity of food-grains and 
pulses given, in addition to vegetables and other articles, to 
prisoners in the jails of the Central Provinces works out as 
follows : — 

Adult (males) workers, ?0*8 ounces (for labouring male convicts) 

„ „ non-workers, 22^Ci ounces (for no i -labouring male convicts) 

„ females, 22*6 ounces (for female friscniers of all classes) 

According to the Jail Manual of the United) Provinces, all 
Indian adult male prisoners sentenced to rigorous imprisonment, 
and all adult Indian male prisoners sentenced to simple 
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imprisonment who elect to labour, get their food in jails according 
to the following diet scale : — 



Chhataks 

Cereal pulse combination 

U 

Dal 

1 

Vegetable 

3 

1 

Oil 


One chilli 

Grains 

Salt 

15(1 

('hhaiaks 

Coal (charcoal) 

2 to 3 


The dietary of all adult Indian female prisoners sentenced to 
rigorous imprisonment, and all adult female prisoners sentenced to 
simple imprisonment who elect to labour, and all juvenile prisoners 
arrived at puberty, is regulated according to the following diet 
scale : — 





( 'hhaiaks 


Cereal combination 


.. 

12 


Dal 

Others as above 

• • 

• • 

1 



And the diet scale of all Indian adult prisoners sentenced to 
simple imprisonment who do not elect to labour, all juvenile 


prisoners not arrived at puberty, and all undertrial prisoners, is as 
follows : — 


C hhaiaks 

Cereal combination 

10 

Dal 

1 

Others as above 



It is also stated in the same Manual that “ children under two 
confined along with their mothers should have a diet allowance as 
under : — 

(a) to nursing mothers two chhataks of wheat cUla and half a 
chhatak of ghee in excess of the ordinary labouring rations ; 


g0g AGBICULTURAL journal of INDIA m. 

( 6 ) to children between 12 aiid 18 montJis six cU^^ah of milk, 
two chhataJcs of rice, and half a chhoUth of dul , 

(c) to children between IS and 24 inoiitJis four chholuhs of milk, 
tour chhatahs of rice, and half a chhitalx ol dal. 

From the above it can he seen that the quantity of food-grains 
and pulses given per day to Indian prisoners, in addition to 
vegetables and other articles, in the jails of tJie United Provinces is 
as follows : — 


Aso 

oz. 

0 to 1 (to IIm) moLlicr) 

21 

1 to 2 . . 

5-1 to O il 

2 to r> . . 

(«) 

r» to 10 . . 

(«) 

10 to 15 .. 

22-(i 

15-*fco 50 (lualeB; work<TH) 

50- S 

15 to 50 (males; non -workers) 

22r» 

15 to 50 (females : workers) 

2()-7 

15 to 50 (females; mm-workers) .. 

22*0 

Above 50 . . 

22* () 


(a) liirorm.viiOii not available. 


The hospital full diet scale as given in the Jail Manual of the 
Central Provinces is as follows : — 



Child taka 

Morning — 


Svji (flour) . . 

1 

Milk 

2 

Sugar 

i 

Mid-day and evening — 


Wheat flour, or 

101 

Rice, or 

‘4 

Wheat and rice 


Dal 

3 

Vegetables 

3 

Oil 


Balt 

T-.T 

Condiments 

i 


Prom the above, we find that for a full diet in hospitals of the 
Central Provinces 30’8 ounces of food-grains and pulses are given in 
addition to vegetables and other articles. 

In “ Land and Labour of a Deccan Village ” by Dr. Harold 
Mann on page 134 we find that the follojving ration for a family 
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of five persons composed of one man, two women, and two children 
was considered as the minimum by the people themselves. 


Material 

Quantity required 
per annum 


lb. 

Bajri 

2,304 

Rico 

48 

PulHCfl 

80 

Whcivt 

' 48 


2,480 


If we count a woman as requiring four-fifths, a child three-fifths 
the food of a man, as Dr. Harold Mann has done, we find that the 
above rations come to 28* 6 ounces per day for an adult male, 22*9 
ounces per day for an adult female, and 17*2 ounces per day lor a 
child. 

All these various figures have been placed side by side in the 
table on next page ; and assuming the number of adult male workers 
to be three-fourths of the adult male population, and of adult 
female workers to be one-tliird of the adult female population, 
I have calculated the average standard from all these figures. It is 
given in column 8 of the table. ' 
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|o opoo oununj •,) 
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sapo;;) aiiiiuv^j 
iuipinv pim |oiiuop 
‘^mpuofi ‘q^fun^i 

’’d 'a 
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auiBjS-pooj JO iiorj^-p^ 


(N c^i p-^ 


• These figures incude an addition of one ounce per head per day which represents an allowance made 
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After taking into consideration the population at different 
age-groups, the weighted average of this average standard for the 
whole population comes to 20‘8 ounces per head per day. Now we 
have to take account of the fact that a part of the requirements of 
food-grains and pulses, in the case of non- vegetarians, is met by 
the consumption of meat and fish. It is practically impossible to 
ascertain the quantity of meat and fish consumed in British India 
during one year, and so, in the absence of any definite information, 
I think it best to make due allowance for them by adopting a 
standard of inquiry which may be less than the average standard 
calculated above. To make proper allowance for the consumption 
of meat and fish, if we assume that roughly one-half of the 
population, on an average, takes as much meat and or fish ,qs to 
reduce their requirements of food-grains by one-eighth during one 
year, we will have to reduce the average standard by one-sixteenth. 
After careful consideration I have decided to adopt the following 
standard : — 

Quantity of food-grains and pulses required in addition to vegetables 
and other articles per head per day. 


Age ■ OK. 

0 to 1 . . ... . . . . iii* 

1 to 2 (to the mother) . . . . . . 

2 to 5 . . , . . . . . H 

5 to 10 .. .. .. .. 12 

10 to ITi .. .. .. .. 10 

1/5 t(» 50 (maleB) .. .. .. 2K 

15 to 50 (femaleH) .. .. .. 24 

Above 50 . . . . . . . . 20 


The weighted average of the above standard, taking into 
consideration the population at various age-groups, comes to 19‘6 
ounces per head per day for the whole population. It will be seen 
that this quantity is 6'26 per cent, less than that calculated from ther 
average standard, and I think that this reduction of one-sixteenth 
in the weighted average for the whole population may be taken 
to represent the consumption of meat and fish fairly well. In 
the above table I have also given the standard adopted by 
Bai Bahadur Ganga Bam, and from the above discussion it 
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would be quite apparent that he adopted as his standard an 
underestimate of the requirements. 


Population of British India in 1911 according to 

AGE-GROUPS. 

After deciding the rations of food-grains and pulses we have to 
find out the po})ulation of British India at different age-groups. In 
Second Part of Volume I of the Census Beport for 1911 the figures 
for different provinces are given and they are added up and given in 
the following table. After making a slight allowance for the 
population whose ages were not recorded in those returns we get 
the population of British India in 1911 according to age-groups 
as given in column 3 below : — 


Ago 

l*opulation as given in the 
CenwiB Reiiorl. 

Population in 1911 (after 
making allowance for 
those whose ages were not 
recorded) 

1 

2 

3 


Thonsanda ! 

Millions 

0 to 1 

7,913 

8-0 

1 to 2 

3,964 

40 

2 to ft 

21,182 

21-2 

5 to 10 

34,216 

34-6 

10 to 15 

26,741 

27-0 

15 to 60 (males) 

( 121,526 

61-0 

16 to 60 (lemalea) 

1 

60-6 

Above 50 

27,426 

28-0 


Total quantity of food-grains required by the whole 
population op British India. 

With the figures of population at different age-groups before us 
and the standard of food-grains finally decided upon, it is very easy 
to find out the total quantity of food-grains and pulses required by 
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the whole population of British India in 1911, and it is calculated 
in the following table : — 


Age 

Population in 
1911 

(in milliona) 

Quantity of food-grains 
required per bead per 
day 

Quantity of food -grains 
required by the whole 
population per day 

1 

2 

3 

4 



02. 

tons 

0 to 1 

8-0 

nil 

nil 

1 to 2 

4-0 

5 

558-0 

2 to 5 

21-2 

8 

4,732-1 

6 to 10 

1 34-5 

12 

11,661-3 .• 

JO to 15 

270 

16 

12,063-6 

15 to 50 (males) .. 

61*0 

28 

47,666-3 

15 to 50 (females) .. 

60-6 

24 

40,680-4 

Above 50 

28-0 

22 

15,626-0 



Total quantity per 
day . . 

132,766-7 tons 



Total quantity per 
annum 

48-46 million tons 


So we find that the total quantity required in 1 911-12 amounted 
to 48‘46 million tons. Now I proceed to estimate the quantity 
required during different years of the period. For this purpose it is 
necessary for us to know the estimated population of British India 
during these years. The method that is generally adopted for 
estimating the population in the intercensal period is very 
simple. It is based on the assumption that the same rate of 
increase holds good as in previous intercensal period. The annual 
rate of increase of population from previous census figures is 
estimated in the following way. If r represents the annual rate 
of increase per unit and Pi the population at the last census and 
P the population at the census previous to the last one, then 

Pj = P 
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If we know P and Pi we can easily calculate the value of r 
from the above equation. The population of British India in 1891, 
1901 and 1911 was as follows : — • 



Millions 

1 89J . . 

221-2 

1901 .. 

231-0 

1911 .. 

244-3 


The rate of increase duringl891 — 1901 is given by the equation 
231-6 X 221*2 (l+r)i® 

whence r = 0*00463 or 0*463 per cent, per annum. Similarly 
the annual rate of increase during 1901 — 1911 calculated in similar 
manner gives r= 0*00535 or 0*535 per cent, per annum. Taking 
average of these two, we get 0*499 per cent. Therefore for 
estimating the population in intercensal period 1911 — 1920, 1 assume 
that the annual rate of compound increase of population was 
0*5 per cent. If we further assume that the rate of increase 
of population in different age-groups was uniform and equal 
to that of the increase of population as a whole, 0*5 per 
cent, annual compound increase of population will cause a 
corresponding 0*5 per cent, annual compound increase in 
the quantity of food-grains required by the whole population. 
On the above basis, the quantity of foodrgrains and pulses 
required by the whole population of British India to maintain 
them in health and strength during different years works out 
as follows 


1911-12 

• • 

.. 


MiUious of tons 

40-40 

1912-13 

•• 

• • 

• • 

^ 48-70 

1913-14 

•• 



48-94 

1914-15 




49-18 

1915-10 




49*43 

1910-17 




49*68 


f-* --f 


m7-i8 


49^3 
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Quantity op pood-grains consumed by cattle. 

The next step is to find out the total quantity of food-grains 
consumed by cattle. Rai Bahadur (ranga Ram has assumed 


the following quantity of 
day:— 

cereals as given 

to one animal per 

Bulls and bullocks . . 

. . All . . 

.. ial 1 lb. 

Cows 

.. A of total 

„ 2 

Cow-buffaloes 

A of total 

. . „ 

Horses and jionies . . 

.. All .. 

., :i 

Mules 

.. All .. 

2 


Although the quantity that is actually give.n by many cultivators 
to their bullocks is mu(;h greater than the average', adopted l)y,ilie 
Rai Bahadur, at any given time there must be a sufficiently large 
number of bulls and bullocks who must be getting no food-grains at 
all, and so T consider that the quantity of one pound per bullock per 
day represents a fairly good average. Tn the case of cows and 
cow-buffaloes, when they give milk they are generally given oil-cakes 
and cotton seeds in addition to food-grains and pulses, and so the 
average of two pounds and three pounds of food-grains and pulses, 
respectively, seems to be a somewhat high one. I consider that one 
pound and two pounds in the case of tliose cows and cow-buffaloes, 
respectively, who give milk, will represent a fair average, and 
if we err at all, it will be on the side of under-estimation. 
Horses and ponies do rec'civc everywhere food-grains and pulses, 
and an average of three pounds per animal is in no case a high 
one. Mules generally do not get food-grains regularly, and so 
1 have thought it necessary to make no definite allowance for 
them here. 'J’he standard that 1 wish to adopt finally stands as 
follows : — 


BuUh and bulIockH . . 
Cows 

Cow -buffaloes 
Horses and pimioH 
Mules 


.. All 

i of total 
. . of totul 
.. All .. 


. . lib. i)er day 

» • »♦ 1 »» »» it 

* • ^ »> »» 

. . ff d tf tt 4* 

till 
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The number of these animals during different years is easily 
known from the “Agricultural Statistics of India ” (Vol. I), and the 
amount of food-grains consumed by animals during 1911-12 is 
worked out in the following table : — 


Kind of animal 

Quantity of food- 
grains assumed 
to be given per 
day per animal, 
Rai Bahadur 
(janga Barn’s 
standard 

Quantity of food- 
grains per day 
per animal 
(adopted for the 
inquiry) 

Number of 
cattle 

1 

Quantity 
consumed 
by animals 
per day 


2 

3 

4 

5 




Millions 

Tons 

Bulls apd bullocks 

All 1 lb. 

All @ 1 lb. 

46-6 

20,803-6 

Cows 

1 2 „ 

i »» 1 »i 

30-7 

8,191-9 

Cow-buffaloes 

i »» d „ 

i » 2 „ 

13-6 

6,071-4 

Horses and ponies 

Total quantity of food- 
grains consumed by 
animals per day 

All „ 3 „ 

All „ 3 „ 

1*0 

2,644-6 

•• 


•• 

37,611-5 

Total quantity of food- 
grains consumed by 
animals per annum 

•• 

•• 


million tons 
13-73 


The quantity consumed by animals is similarly calculated 
for other years of the period from annual figures as given in the 
“ Agricultural Statistics of India ” (Vol. I), and it works out as 
follows ; — 


1911--J2 .. 

.. 


Millions of tons 

13-73 

1912-13 .. 

. . 


33-39 

191:M4 . . 



13-69 

1914-16 .. 



14-10 

1916-16 .. 



14-23 

1916-17 .. 



14-27 

1917-18 .. 



14-19 


But it miist not be forgotten that in bad years when crops fail 
and the total supply of food-grains is less than the average, animals 
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also do not get as much food-grains as they do in ordinary years ; 
and therefore the quantity of food-grains consumed by cattle during 
these years must be decreased to some extent. As I have taken 
a very low standard, I think it would be quite, sufficient to 
decrease the quantity in the same proportion in which the total 
supply of food-grains falls short of the average supply. In the 
period under inquir}^ as wo shall see later on, the final supply 
falls short of the average in the following years to the following 
extent : — 

1912- 13 .. .. .. 4 () per cent, less 

1913- 14 .. .. .. 11.8 „ „ „ 

1014 ]r> .. .. .. 21 „ „ 

I'herefore, decreasing the quantify consumed l)y animals in 
these years in the same propoi+ion, we finally get the (juantity of 
food-grains consumed by cattle as follows : — 


J9J1-12 .. 



Millions of toud 

13-73 

1912-13 .. 



12-77 

1913-14 



12-07 

1914-15 



13-80 

1915-]() 



11-23 

191(^17 .. 



11-27 

1917-18 

.. 


14-19 


Quantity of fooo-geains required for seed. 

To complete the first part of the inquiry, it is also necessar}* to 
ascertain the quantity of food-grains and pulses requiied for seed 
during the period under review. The standard adopted by Rai 
Bahadur Ganga Kam about the quantity of food-gi’ains required for 
seed per acre compares favourably with that taken fi om Dr. Harold 
Mann’s “ Land and Labour in a" Deccan Village ” and Mr. N. G. 
Mukerjee’s “ Handbook of Indian Agriculture ” the figures from 
which are given side by side in the table below ; and so with a slight 
modification here and there 1 have decided to adopt the same 
standard. The figures for area under different crops in British 
India can be easily obtained from “ Agricultural Statistics of 
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India ” (Vol. I), and the total requirements for seed for 1911-12 
are calculated in the following table : — 


Kind of crop 

Seed 
required 
per acre. 
R. B. 
Ganga 
Ram's 
standard 

Seed 
required 
per acre. 

From 
Mr, N. G. 
Mukerjee’ft 
book 

Seed 
required 
l)er acre. 
From 

Dr. H. 
Mann’s 
book 

Seed 
required 
per acre. 
The 

standard 
adopted 
for the 
inquiry 

Cropped 
area in 
1911-12 

Seed 

required 

1 

2 

3 

4 

5 

6 

7 

Rice 

lb. 

lb. 

lb. 

lb. 

Millions of 
acres 

Thousands 
of tons 

24-7 

20 to 30 


24 

70-04 

821 

Wheat 

49-4 

50 

40 to 50 

48 

25-0 

630 

Barley 

411 

00 


40 

8-4 

160 

Juar 

105 

10 to 30 

8 

12 

18-4 

98 

Bajrd * . . 

41 

6 to 10 

5 

4 

13- 1 

23 

Maize 

18-5 



20 

5-0 

60 

Gram 

10*5 

15 to .50 

32 to 40 

32 

14-13 

202 

Bagi 

Other food -grains and 

24*7 

7 to 10 

.. 

24 

4-3 

40 

pulses . . . . 


.. 

10 

10 

29-5 

211 

Total 

i 






2,137 


The quantity required for seed for other years of the period is 
similarly calculated from cropped area of each year as given in 


Agricultural Statistics, 

” and it stands as follows : — 

Millions of tons 

1911-12 .. 

2-14 

1912-13 .. 

2-13 

1913-14 .. 

2*02 

1914-15 .. 

2-18 

1915-10 .. 

2-17 

1910-17 .. 

2-24 

1917-18 .. 

2*28 


Total requirements op pood-grains and pulses. 

Now by adding up the quantity of food-grains and pulses 
required by the whole population of British India to maintain them 
in health and strength and the quantities consumed by cattle and 
required for seed we are in a position to complete the first part of the 
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inquiry. The total requirements of the minimum quantity of food- 
grains and pulses stand as follows : — 


{In millions of tons.) 


Year 

Quantity 
requirecl 
for human 
consumption 

Quantity 

Quant ity 

Total 

consumed 
by cattle 

iT*f|uired 

for seed 

retjuire- 

ments 

1 

2 

3 

4 

5 

1911-J2 

48-4() 

13-73 

2-14 

(i4-:i;i 

03-00 

J912-I3 

48-70 

12-77 

2-13 

J913-14 

48-04 

12-07 

2-02 

03-03 

10J4-15 

40-18 

13-80 

2-18 

Oo- 1 0 


40-43 

14-23 

2-17 

00-83 

]91<i-17 

49-(18 

14-27 

2- 24 

00-10 ’ 

1917-IS 

40-03 

14-10 1 

! 2-28 

00-40 .. 


Total oittturn op food-grains and pitlses. 

Now we enter on the second part of the inquiry to find out the 
total supply of food-grains for different years. In the “ Estimates 
of Area and Yield of Principal (Vops annually published by the 
Director of Statistics, the yearly outturns of rice, wheat, barley, 
juar, hajra, maize and gram are given, and in the absence of any 
better estimates we may take these estimates as a fairly correct 
representation of the actual outturns of these crops. But. on 
comparing the area under a certain crop for which the outturn 
figure is available in the “ Estimates of Area and Yield,” and 
the area under the same crop as given in the “ Agricultural 
Statistics of India ” (Volume I). we find that there is a slight 
difference in some and considerable difference in others. The 
difference is due to Native States being included in the outturn 
figures for some crops and the outturn figures for some parts of 
British India being not available in the case of other crops. 
Therefore I have calculated the average yield per acre in each 
year from the area and outturn figures as given in the “ Estimates 
of Area and Yield of Principal Crops.” By multiplying the 
average yield by the area under the crop as given in the 
“ Agricultural Statistics of India ” (Volume I), I have arrived at 
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the figures for the total outturn of the principal crops. The 
total outturns of rice, wheat, barley, Jwor, hojru, maize and gram are 
thus calculated for the year 1911-12 in a table below. But we are 
confronted with a serious difficulty in finding the total outturns of 
ragi and “ other food-grains and pulses ’’the outturn figures for whicli 
are not available in the “ Estimates of Area and Yield.” The area 
under these crops can be known from the “Agricultural Statistics 
of India ” (Vol. I), and the only alternative left about them is to 
find out the total standard normal outturn, by multiplying the area 
under the crop by the average normal yield per acre. Now the 
average normal yield per acre for ragi is given as 1,147 lb., and so its 
normal outturn can thus easily be calculated. But with the 
exception of arhar, the figures of average normal yield per acre in 
the case of “ other food-grains and pulses ” are not given in the 
“ Agricultural Statistics of India ” (Vol. I) ; neither do we 
exactly know what sorts of grains and pulses are included under 
other food-grains and pulses ” ; nor do we know the extent of area 
under each one of them. Under these circumstances I have thought 
it necessary to take an unweighted average of the average outturn 
per acre of all the remaining food-grains and pulses as given in 
Mr. Mukerjee’s “ Handbook of Indian Agriculture,” as follows 

Average outturn pei 
aero in pounds 


Oats 


.. 

1,600 

Choena (Millet) . . 



600 

Shyainma 


.. 

400 

Gondii 


.. 

750 

Kaon and Shyalanja 



500 

Kodo . . 



600 

Arhar (Vulse.) 



600 

Kulthi 



300 

Popator Val 


.. 

325 

Gari Kalai (Soybean) 



450 

Khoaari 



300 

Musuri . . 



550 

Bhringi 



200 

Kutki (Millet) 



600 

Urd (Pulse) 



300 

Mashkalai 



450 

Mung . . 



350 

Ckiuntrypeas 

Average 


250 

507 
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And so I take 600 pounds as the average yield per acre in the 
case of other food-grains and pulses. The total outturn of 
food-grains and pulses has thus been calculated for 1911-12 in the 
following table ; — 


Kind of crop 

Area under the 
crop * 
(1911-12) 

Area for which 
outtuni 
Ogurcs are 
available 

Outturn from 
the 

“ Estimates 
of Area and 
Yield ” 

Total 
outturn 
in 1911-12 

1 

2 

3 

4 

5 


Millions of 

Millions of 

Millions of 

Millions of 


acres 

acres 

ions 

tons 

Rice 

7(5*(5 

' (UK 

H0-(KI 

35- (>1 

Wheat 

25-0 

31-1 

9-90 

7-90 

Barley 

8-4 

i 2-7 

0-97 

3-62 

J iwr 

lH-4 

13-2 

2-47 

3-44 

Bajra 

13) 

8-8 

0-14 

1-70 

Maize 

5-0 

5-2 

1-90 

2-03 

Oram 

141 

. 13-5 

4-40 

4-61 



1 Normal yk 

jld per acre 


Bam 

4-3 

1147 lb. 

2-20 

Other food-grainfl and pulHes 

29-5 

500 „ 

(>-58 




Total 

(57-15 


♦ Taken from Agrimtltural Statistics of British India, Vol. 1. 


The total outturns of food-grains for other years of the period 
are similarly calculated from the figures as given in “Agricultural 
Statistics of India “ and the “ Estimates of Area and Yield ”, and 
they work out as follows : — 

MillioiiB of tons 


1911- 12 

1912- 13 

1913- 14 

1914- 15 

1915- 1(5 
191(5-17 
1917-18 


H7-J5 
03-73 
58-18 
(52-07 
00-78 
70 08 
08-89 


The wastage op pood-geains. 

But we have yet to make due allowance for wastage which 
takes place from the time of the final crop report to the time of 
actual consumption of the grain. Various are the items that can be 
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included under the term wastage. The following are the most 
significant ones : — 

(a) Wastage due to crops getting rotten on the field, when the 
crop is ripe, by untimely rainfall and on the threshing 
floor by careless keeping ; 

(ft) Wastage due to defective methods of threshing. 

(c) Wastage by pigs, jackals, dogs, poultry, birds and wild 

animals. 

(d) Wastage by small insects (called f/Aun in Hindi) when the 

food-grains are stored. 

(c) Wastage in transhipment. 

(f) Wastage by rats and squirrels. 

(ff) Wastage due to the influence of time, e.g., rice decreases 
in weight if kept for a long time, but improves in 
quality. 

(h) Wastage in transforming the grain to the form suitable 
for human consumption, e.g., removing the .outer 
covering in the case of pulses. 

(«) Wastage in grinding, sifting, winnowing and cleaning. 

{j) W’astage in cooking and in general consumption. 

(k) Wastage at the time of social functions, such as marriages, 

funerals, etc. 

(l) Wastage due to unforeseen events, such as floods, fire, 

sinking of boats, et^;. 

The above list is already a long one and more items can easily be 
added. After a careful consideration 1 have t;ome to the conclusion 
that any percentage of the total outturn which may be less 
than 10 would surely fall short of representing the actual wastage. 
Rai Bahadur Ganga Ram has also allowed 10 per cent, for wastage ; 
but I fail to understand why he has allowed it on the total 
human consumption only and not on the total outturn, because 
it is from the total outturn that wastage takes place. In the 
following table I have allowed 10 per cent, of the total outturn for 
wastage, and consequently the total outturn of food-grains and 
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pulses after deducting the wastage stands as given in column 4 
below : — 


Year 

Total outturn 
(millions of tons) 

Wastage 

JOiier cent, 
(millions of tons) 

.3 

Total outturn 
after dc-ducting 
the wastage 
(inillionH of 
tons) 

1 

2 

4 

1911-12 



ft7* 1 5 

0-71 

00-44 

1912-13 



«3*73 

6-. 37 

r>7-36 

1913-U 



r>H*i8 

r>-82 

52-36 

1914-16 



<12-67 

6-27 

56-40 

1916-16 


• • 

1 66-78 

6-68 

60-10 

1916-17 


• • 

1 70-08 

7-01 

6307 

1917-18 



68-89 

6*89 

62-00 


Excess op imports op pood-grains prom Native 

States. 

But the figures for total supply f)f food-grains will not be 
complete unless we add the excess of imports of food-grains from 
Native States and subtract the excess of exports of food-grains 
to foreign countries. “ Inland IVade (Kail and River-borne) of 
India ” gives statistics for exports and imports of food-grains 
from Kashmir, Kajputana, Central India, Hyderabad, and the 
Mysore State ; and from these figures the excess is calculated 


in the following table 

Year 

Imports of 
food-grains 
from Native 
•States 

Exports of 
food -grains 
to Native 
{States 

Excess 

Excess in 
thousands 
of tons 

1 


3 


5 


cwt. 

cwt. 

cwt. 


1911-12 

9,207 

4,093 

5,114 

250 

1912-13 

12,494 

6,293 

0,201 

310 

1913-14 

1 11,336 

5,791 

5,545 

277 

1914-15 

9,205 

5,890 ' 

3,315 

106 

1915-16 

11,189 

0,425 

4,7<14 

238 

1016-17 

12,312 

5,395 

0,917 

346 

1917-18 

10,370 

4,247 

0,123 

300 
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Excess op exports op pood-orains to foreign countries. 

“ The Eeview of the Trade of India ” similarly gives figures for 
exports and imports of food-grains to and from foreign countries, 
and the excess of ei^orts of food-grains is calculated in the following 
table 


Year 

Total exports 
of food-grains 
to foreign 
countries 


cwt. 

1911-12 

102,400 

1912-13 

110,297 

1913-14 

83,895 

1914-15 

51,418 

1915-15 

48,719 

1916-17 

58,293 

1917-18 

90,274 


Total imports 
of food -grains 
from foreign 

Excess 

Excess 

countries 


t 

cwt. 

cwt. 

Millions 
of tons 

191 

102,209 

5-11 

185 

110,112 

6-51 

370 

83,525 

4*18 

774 

50,044 

47,576 

2*53 

1,143 

2-38 

254 

58,039 

2-90 

88 

90,186 

4‘51 


Total supply op food-grains and pulses. 

The figures for the total supply of food-grains and pulses in 
British India finally stand as follows : — 

{In millions of tons.) 


Year 

1 

Total outturn j 
excluding i 
wastage 1 

1 

1911-12 

60-44 

1912-13 

57-36 1 

1913-14 

52-36 ; 

1914-15 

56-40 , 

1915-16 

60-10 1 

1916-17 

63-07 ! 

1917-18 

62-00 


1 

1 Excess of 

I imports of 

1 food-grains 

1 from Native 

1 States 

Excess of 
exports of 
food-grains 
• to foreign 
countries 

Total supply 

0-26 

511 

55-59 

' 0-31 

5-51 

52-16 

l)-28 

! 4-18 

48-46 

, 0-17 

2-53 

54-04 

1 0*24 

2-38 

67-96 

! 0-35 

2-90 

60-52 

0-31 

4-51 

57-80 






TOXIC ROOT-INTERFERENCE IN PLANTS.* 

The earlier investigations of the late Mr. Spencer Pickering 
iiL the Woburn Experimental Fruit Farm on the action of^ass on 
fruit trees, which were described in the third ( 1903 ) and thirteenth 
( 1911 ) reports issued from that station, sufficed to show that, 
in spite of some variability in degree, there is a definite deleterious 
effect on the health and development of fruit trees caused by grass 
grown immediately around them. That this is a general resuTt and 
not a matter of special soil or other local conditions at Woburn has 
been demonstrated by independent experiments conducted in this 
country at Long Ashton, Wislcy, and other places. So marked is 
the crippling effect of the grass in some cases that death of the trees 
has resulted. On the other hand, the presence of numerous grass 
orchards in apparently healthy and vigorous condition in many 
parts of the country made the existence of any direct toxic action on 
the part of the grass, such as Mr. Pickering was led to postulate, 
appear doubtful. It was evident that the action, if any, must be 
relatively complex, ^nd the later work at Woburn now shows that 
this is so. In the seventeenth ( 1920 ) annual report from that centre 
new evidence is recorded which indicates not only direct toxicity of 
grass on fruit trees, but also a similar effect for any one plant on 
another when the two are grown in close association. 

It is therein claimed that the action of grass is shown to be due to 
toxic substances derived from the grass, and is not the indirect 
result of any adverse effect on soil conditions as regards aeration, 
available moisture, or plant food. In a series of experiments in 
which apple trees were grown in pots and the grass in shallow, 
perforated trays resting on the soil of the pots, the injurious effect 
was secured, notwithstanding that the grass roots, by being confined 


* Bepriutod ftotajfature, Vol. 100, No. 2673. 
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to the soil in the tray, could neither impoverish the soil in the pot 
below, nor deprive it of oxygen or water. A similar result was 
obtained when the grass was grown in sand, instead of soil, in the 
perforated trays. The presence of grass roots in the soil in which 
the tree was growing was thus immaterial for the manifestation 
of the dwarfing effect, and it follows that nothing which might be 
abstracted from the soil by them could be held accountable for the 
results. , The converse view that grass added to the soil something 
deletermus to the tree appears to offer the only explanation, the 
toxic material presumal)ly being conveyed from the trays to the 
soil in the pots by means of the drainage water from the former. 
Direct evidence was secured oi^this point by utilizing for watering 
the trees the leachings from the grass trays, the trays in this case not 
resting on the soil of the pots but being placed elsewhere. The 
injurious effect on the tree was as marked as before. When, however, 
the leachings were allowed to stand for twenty-four hours exposed 
to the air before being used for watering the pots, the trees apparently 
were unaffected. 

It was considered by Mr. Pickering that these experiments 
prove that the leachings contain an oxidizal)le substance derived 
from the roots of the grass which in its unoxidized form is detrimental 
to the growth of the trees, but after oxidation is no longer of a toxic 
character. The suggestion that it is nothing more than carbon 
dioxide given off by the grass roots was, according to him, disproved 
by the results of a scries of experiments in which the plants were 
grown in pots as above, “ with or without a surface crop in the trays, 
watering them in one case with ordinary-water, in another case with a 
saturated solution of carbon dioxide, and in a third case with clear 
lime water, which, since lime absorbs carbon dioxide, would 
presumably have the reverse effect of the carbon dioxide water.” 
They were of a purely negative character, and in no way indicated 
that the toxic action of the surface crop was modified by the 
diffeicntial treatment. Also bearing on this point are observation ’ 
direct and indirect, in several of the numerous series of experiments 
made which tend to show that the toxin after “ oxidation ” actually 
serves as a nutrient to plants exposed to its action. As to the 
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nature of this substance and the manner in which it is communicated 
by the roots to the soil, no positive views are put forward, but 
Mr.. Pickering held that there was no reason to assume that it is 
excreted by the roots, and he was inclined to attribute its origin 
to the debris which roots furnish to the medium in wliich they 
grow. 

The later phases of Mr. Pickering’s investiga,tions were mainly 
directed towards proving that the gi-ass injury to fruit trees is only a 
particular case of the action of one growing crop on another. By 
means of experimenla on lines similar to those already revieAved, 
he showed for a wide variety of plants a corresponding toxic effect, 
and, moreover, demonstrated that the action is reciprocal. It 
is not contined to plants of a different kind ; it is at least equally 
marked when the associated plants are sijnilar. Further, it follows 
that the. individual plant tends to restrict its own growth through the 
toxin which it produces so long as that remains “ unoxidized ” in the 
immediate range of the root system. 

A new light is thus thrown on the question of soil drainage, it 
being evident that soil conditions facilitating rapid removal of the 
toxin or its oxidation must tend to promote healthiei- growth, 
provided that food supplies do not escape. Differences i]i efliciency 
of drainage may accordingly be held to account for the divergences of 
grass effect on trees which have been recorded in various localities. 

'\\^th every plant^exerting a direct toxic effect on all others 
within its range, the plienomena of root-interference do not 
merely represent the outcome of competition for food supplies. 
Mr. Pickering gave particular attention to the aspect of the case 
where similar plants are grown massed together, and his 
observations are interesting not only in themselves, but also 
because of considerations raised by them of economic significance 
as applied to agricultural and horticultural crops. He found 
that where the mass of soil available is below a certain limit, the 
total amount of plant growth produced is independent of the 
number of plants present. This holds whether the individual 
plants are grown with their roots in separate compartments 
of the soil-containing receptacle so that root-interference is 
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eliminated, or in a similar-aized vesael, without divisicms w^ 
permits unrestricted root-interference ; but it applies only ^ 
where the plani» are of the same age. When some atf 
than oliierB, the latter grow more vigorously at the ea^ 
former in the undivided containers, but the total combiheHi'i 
falls considerably short of the amount which the mass of soil W' 
capable of producing with plants of equal age. The latter point is, 
however, reached when plants of unequal age are grown in the divided 
vessels with no root-interference. In such cases the toxic action of 
the older plant on the younger was thus definitely illustrated where 
root-interference was possible and the available growth standard 
was not nearly reached, indicating that the plants were prevented 
from utilizing all the nutrient present. 

The question of range of root-interference has become latterly of 
considerably increased importance in fruit culture. The present 
high cost of labou’- has driven fruit-growers to consider how to reduce 
the expenses of cultivation of their orchards and plantations. In 
some cases this has been attempted by grassing them down, but the 
trees generally suffer so severely that this method can be practised 
successfully only where, local conditions minimize grass influence. 
Cover cropping, followed by the ploughing in of the cover crop to serve 
as green manure, is also receiving attention, particularly on account 
of the increasing difiiculty of obtaining adequate supplies of 
farmyard and stable manure. Where the tre%s are grown on strong 
and relatively deep-rooting types of root-stocks, such as the stronger 
free stocks for apples, the toxic effect of the cover crop or grass 
maybe relatively negligible, provided that the soil is deep and well- 
drained. W^th superficial rooting types of root-stock, such as the 
Paradise or dwarfing stocks for apples, however, the toxic influence of 
the surface crop will certainly be more strongly marked, and may be 
sufficiently pronounced to render grassing or cover cropping other 
than for periods of short duration not only dangerous in mauy 
coses, but entirely impracticable in some. The use of the latter 
forms of root-stock is accordingly open to objection on this score* 
and, in so far as the grower may be debarred from these alternatives 
in the treatment of his plantation, and confined to clean cultivation. 



rieverrtieleKs. I»cy(>n(l quostion. iurther ilovclopnip,;, 

ihc su^tjecl in U\\s vnw\\\i\ v\m\ \w\c V.l\ xn (>i\u‘r st ition.s 
the inWe oi\NoWm nn\\\ and iuture investigators wiU 

fmd then vjork materiaWy simplified not only by the constructive 
results achieved there, but also by the illustrations afforded of 
the pitfalls to which field experiments in pomology are liable. 

B. T. F. B. 



CONSTITUTION OF A CENTRAL COTTON COMMITTEE. 

The following Resolution (No. 404-22), dated the Slst March, 
1921, has b§en issued by the (rovernment of India in the Depart- 
ment of Revenue and Agriculture :■ - 

' In their Resolution No. 674-191, dated the 2nd August, 1919, 
the Government of India indicated broadly the lines on which It 
was proposed to dispose of the recommendations in the Report 
of the Indian ('otton (iommittce. They are now able to 
announce their decision on the proposals made in Chapter XIX 
of the Report relating to the formation of a Central Cotton 
Committee. 

2. Local Governments and Administrations were consulted 
and were asked to obtain the views of the various Trade Associations 
and Chambers of ('ommerce on the proposal. Replies have now 
been received front all local Governmentis and Administrations, 
who generally support the proposal, and the Government of India 
have accordingly decided to constitute a Central Cotton Ciommittee 
with headquarters at Bombay. 

3. The. functions of the Comhiittee will be mainly advisory, 
and, subject to any modifications and additions which may subse- 
quently be found necessary, will follow generally the lines 
indicated by the Indian Cotton Committee in paragraph 261 of its 
Report. 

4. The Committee will, at the outset, be composed as 
follows, but additions' to, and alterations in, its composition may 
be made from time to time on the recommendation of the 
Committee ; 
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Official Representatives. 

President. 

1. The Agricultural Adviser to the Oovernment of India. 

Menihers. 

A representative of the Agricultural Department in — 

2. Madras. 

3. Bombay. 

4. The Punjab. 

5. The United Provinces. 

6. Burma. 

7. The ('entral Provinces and Berar. 

8. Sind. 

9. The Diiect’or (iciieral of Commercial Intelligence. 


N 02S - ( >FFK'l AL R EPRES KNT ATI VES. 

A representative of each of the following bodies : — 

10. U he East India Cotton Association, if established, or, 

in the alternative, the Bombay Cotton Trade 
Association. 

11. The Bombay Millowners’ Association, 

12. The Bombay Chamber of (^ommerce. 

13. 'J'hc Ahmedabad Millowners’ Association. 

14. The Karachi Chamber of C'ommerce. 

15. ’J'he 'J’uticorin f-hamber of Commerce. 

16. The Upper India (.’hamber of Commerce. 

17 and 18. Two representatives of the Central Provinces 
and Berar to be nominated by the local Adminis- 
tration from manufacturers or ginners. 

19. A representative of the Madras Presidency to be 

nominated by the local Government from manufac- 
turers or ginners, 

20. A representative of the Punjab to be nominated by the 

local Gt)vernment from manufacturers, ginners or 
large producers. 
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21. A representative of Bengal. 

22. A representative of Lancashire. 

; Other Eepresentatives. 

23. A member of the Co-operative Department, official or 

non- official, to be nominated by the Government 
of India. 

24. A representative of the Hyderabad State. 

26. A representative of the Baroda State. 

26. A joint representative of the States in Kajpntana 
and Central India. 

5. , The members of the Committee will be appointed in the 
first instance for a period of two years, and steps will now be taken 
to nominate the personnel in consultation with the local Govern- 
ments and Administrations and the Darbars concerned. Proposals 
have been approved by His Majesty’s Secretary of State regarding 
the appointment of a Secretary to the Committee, and the officer 
selected for this appointment is Mr. B. C. Burt, at present a Deputy 
Director of Agriculture in the United Provinces. On his appoint- 
ment the Secretary will be directed to submit proposals regarding 
his staff and the place and time of the first meeting of the 
(Jommittee. 

6. The cost of the Committee will be met from Imperial 
Revenues. 

7. Subject to the submission to them for sanction of any pro- 
posals requiring it under the ordinary financial rules, the Govern- 
ment of India leave it to the discretion of local Governments and 
Administrations to decide the composition and details of organiza- 
tion of their provincial and local committees. 

« * 

CATTLE SALE AND DEMONSTRATION AT PUSA. 

The usual hali-yearly sale of Montgomery and Ayrshire- 
Montgomery stock from the Pusa pedigree herds was held on 
Thursday, the 10th .March, 1921, at Pusa. Twenty-nine animals 
came imder the hammer, comprising 1 Montgomery bull, 16 





THE SELF-BINDERS" WORKING IN A LIGHT CROP OF OATS. 
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Montgomery cows, 9 young Montgomery bulls and 4 Ayrsbire- 
Montgomery bullocks. Bidding was very brisk and tie 25 animals 
sold realized Ks. 4,765. 

The average prices made were Ks. 232 for cows, Rs. 164 for 
young bulls, and Rs. 108 for bullocks. 

These sales are now attracting considerable attention and 
the animals are sold to all parts of India, while the prices made 
show that there is an ever-increasing demand for good class milch 
stoc'k of reliable pedigree. Several cows this year were sold with 
calf at foot, and the competition for these was very keen. 

Prior to the sale, a demonstration of tractor-driven implements 
was given on the arable area at which tractors were shown working 
various types of agi-icultiiral machinery, and the greatest interest 
was taken in their performances by those attending the sale. 

>|E 

* * 

TRIALS WITH SELF-BINDERS AT PUSA. 

Two “ self-binders ” were imported from England and arrived 
in time to be used during the present liarvest. 'J’hey are both of 
six feet cut, and the draft is an easy one for a moderate-powered 
tractor. 

The fields at Pusa are large enough to provide a good long 
run and arc well suited for binder work. 

During the trials, both machines dealt satisfactorily with 
badly laid oats, and (!ut both light and good crops equally well 
(Plates XX and XXI). 

It is too early yet to give figures, but the saving of labour 
is enormous, and this at a time of the year when it is most valuable. 
Ten to twelve acres per day per machine seem to be quite easily 
attained, but the time was too short to make anything like a 
complete test of the capabilities of output. 

So far as the writer is aware, this is the first case of binders 
being successfully used in India. It is, of course, only since the 
employment of agricultural tractons that there has really been an 
opportunity of usefully employing such implements. Before the 
days of tractors, the draft was much too heavy for Indian cattle, 
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and the opportunities for the employment of horaea were practically 
nil Over the large wheat-growing districts of North-west India, 
the advent of power-harvesting macbinery opens up large and 
new prospects. This is specially the case where harvesting clashes 
with sowing of the kharif crops. If by tlie employment of binders 
and power-threshing machines harvesting caji be completed in 
a reasonable time, it will enormously facilitate agricultural work, 
especially on cajial areas where double-cropping is a common 
practice. [G. S. HisNDJfiRSON.J 

* 

* * 

COMPARATIVE COSTS OF JAVA AND INDIAN SUGAR. 

!n the “ International Sugar Journal ” for February J!)21, 

Dr. I’rinsen (Jeerligs figures the present net cost price of white Java 
sugar ready for direct consumption at 10‘()7 guilders per picul, or 
£14-9-0 per long ton, all included, save interest on capital and renew- 
als. The cost of refining crystals is about one pound lower per long 
ton. 'I’he excess pi ofits tax, which is levied on the difference between 
the selling price and 10 guilders per picul, is not incorporated in 
this price. It is estimated for 1920 at 6 guilders per picul, thus 
bringing the total net cost price, inclusive of all taxes, but excluding 
interest on capital and renewals, to 15‘G7 guilders per picul, or 
£ 21-4-5 per ton of white sugar. Taking interest and renewals into 
account, the cost in Java would come to £ 23 per ton, equal to 17s. 
permaund (80 lb.). If we add to it a moderate profit of 10 per 
cent, on the capital outlay, the, price per maund will come to 
18s. 8d. 

Taking present exchange as Is. 4d. to the rupee, we get Rs. 14 
as the cost price per maund, all included, at warehouse in Java. 
Adding to this ocean freight and other charges incidental to ship- 
ping and landing, we get a figure of nearly Rs. 16 permaund landed 
at Calcutta. India now levies a 16 per cent, ad valorem duty, 
pitched at Rs. 32-4 per civt. on 23 Dutch standard and Rs. 29-12 on 
15 Dutch standard and under, thus adding Rs. 3-8 in the first case 
and Rs. 3-3 in the second. This raises the price to Rs. 19-8-0 per 
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maund in the case of white sugat for direct consumption and to a 
little less than Rs. 19 in the case of low grade sugar. 

We thus get a basis of Rs. 20 per maund before Java sugar can 
come into competition with Indian sugar at sugar consumption 
centres up-country. Now, at a basis of Rs. 20 per maund, we get a 
value of 11 annas per maund for caiie. which can be paid by all 
factories doing 7 per cent, on cane, whicli is a fair efficiency to 
demand. It will thus be seen that the future for Indian sugar is 
very favourable, and it is to be hoped that full advantage will be 

taken of present conditions. [Wynnk Sayer.J 

♦ 

♦ ♦ 

GERMAN PRODUCTION 0.7 BEET SUGAR DURING 1920-21. 

According to the ‘‘ American Sugar Bulletbi,” dated January 
29, 1921. reports in the *• Deutsche Zuckerindustrie " of Deccrober 
17, 1920, indicat e t hat t he (lermaii crop will bear out rec ent rc'jxnts 
of heavy yields and consequent, p<-oduction in excess of early 
estimates. According to these reports, the crop will be about 
1,200,000 tons which will not only jnovide an increased ration for 
household consumption, but will permit of distribution to all 
industries, many of which were cut off during the last year and 
under the first regulations this year were directed to sec-urc their 
sugar from outside the Germaxi Kmpire. 

It is even possible that at a satisfactory price a small export 
may be possible, after provisioji has been made for dom^th; needs 
and the prospe(;t8 of the next crop are more fully known. The 
(Government has announced that it intends to increase the internal 
tax on sugar to 100 marks per 100 kilograms. ^J’he present tax is 
7 pfennig per pound. 

The effect of such a heavy increase in taxation in normal 
times would have been a decrease in consumption and a possible 
curtailment of area planted. But with the mark at its present 
value, this tax is likely to favour export of sugar from (Jermany, 
as in comparison with the world value of sugar, the tax is nominal 
on the prices made by exported sugar. As, how^ever, (Germany’s 
present production is nowhere near her internal consumption, there 
is little probability of much export anywhere. [Wynne Sayeb.] 
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U. S. BEET SUGAR CROP FOR THE SEASON 1920-21. 

“ The United States Monthly Crop Keporter,” for December 
1920, contains a detailed estimate of the United States beet sugar 
crop for 1920-21 amounting to 990,710 long tons which is the 
largest crop yet produced in that country. 

The crop during the last five years was as under ; — 


Year 

lioni; tons 

1915-16 

780.550 

1916-17 

732.700 

1917-18 

683,000 

1918-19 

674,900 

1919-20 

653,000 


If the weather conditions continued as favourable as at the 
time this estimate was made (Ist December, 1920), there is every 
reason to suppose that the actual figures will not be far out. 

It will thus be seen that, as compared with last year, the 
United States of Ameri(;a should have 337,710 long tons more home- 
grown sugar, and, as she is- a large importer, this reduction in her 
requirements of foreign sugar may have some influence on f he prices 
of this commodity in the world’s markets. [Wynne Sayer.J 

♦ 

* * 

FRENCH BEET SUGf^R CROP FOR THE SEASON 1920-^21. 

It is estimated that the ]>roducl ion of sugar in France during 
the season 1920-21 will amount to 320,238 long tons of raw sugar 
against 109,560 tons for the last campaign. These figures indicate 
that the French production will be 293,000 tons of refined sugar. 
It should be remembered that the^ pre-war annual consumption 
of sugar in France was 650,000 tons, and, in spite of this 
92 per cent, increase in production, France will still have to 
import sugar from other countries, if no rationing is resorted to. 
[Wynne Sayer.] 

♦ 

♦ ♦ 

MEJHANICAL COTTON PICKFRS. 

There have been many attempts to invent a mechanical 
cotton picker, bpt with little success. The “ Textile Recorder ” 
of Manchester, however, describes in a recent issue an invention of 
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Mr. Louis Carrol Stukenborg, an American, who has carried out a 
number of experiments on a cotton plantation a.t Bcima, Alabama. 
The mechanism consists of a picker-head which is directed by hand 
to the cotton boll. In this head are two cylindrical brushes 
(revolving inwardly) and a take-off device which combs the cotton 
from the brushes as they gather it from the plant. Attached to 
the picker-head is a flexible tube through which the cotton is 
conveyed by suction, and the cotton then passes into a patented 
cleaning device from which it falls int^o a receptacle prepared to 
receive it. 

The mechanism in the picker-head is operated by means of a 
jointed flexible shaft leading from the engine, and it is stated that 
the head is counterbalanced so that tliere is no weight in the hand 
when cotton is being picked. The invention can be attached to any 
kind of type of power machinery. A small tractor, for instance, is 
very convenient, and as many picker-heads may be used as desired, 
but each requires a man to direct it, and as more picker-heads are 
used more power will be required. A small garden tractor capable of 
doing the work of one horse can, it is claimed, o])erate two or more 
picker-heads. To a large tractor there may be many heads attached. 
An •automobile or other power machinery may also be employed to 
operate the machine. 

It is claimed for this cotton-picker that it has a capacity on an 
average, through the cotton season, of about five to one as compared 
with hand labour, this depending largely upon the skill of hand labour 
and of the men operating the cotton-picking machine. But it is 
further urged that it does the work better than it can be done by 
hand, picking the cotton from the boll cleaner, better and more 
rapidly, and preparing it perfectly for ginning. As to the actual 
work of the-picker-head, it is said : — It does not injure the fibre as is 
done by hand picking, neither is the fibre twisted, matted, squeezed 
and rolled up like snowballs. Instead, each seed of each lock is 
completely segregated in a feathery, fluffy condition, no tangles or 
bunches of cotton to interfere with the ginning process. The lint on 
each seed is more or less cleaned, straightened’ and laid parallel. 
This gives the cotton an opportunity to dry properly, although the 
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cotton in passing through the machine is relieved of its dampness to 
a very great extent. 

The “ Canadian Textile Journal ” des(;ril)es what it calls “ the 
first successful cotton-picking machine ” being demonstrated on a 
farm near Dallas. Texas, as under : -The machine consists of a 
high gasoline tractor with cotton-picking machinery inside. The 
machinery consists of two vertical cylinders on each side, containing 
needles or fingers that revolve, each on its axis, wrapping the lint 
about them, the contact being made by sawlike teeth. The cylinders 
revolve in a direction opposite to the direction the machine is going, 
with the effect of presenting to every part of the cotton plant a 
needle with a serrated edge that engages the lint and wraps it about 
the needle, l)iit with no other motion. There are more than 600 of 
these needles in the four cylinders. "J’he cotton is stripped from 
the needles and carried on an endless belt through a blowing 
compartment, where dust and leaves are eliminated, into a pair 
of sacks at the. rear of the machine. On an exhibition round, the 
machine crossed the field and came back, picking one row of 
cotton each way and taking eight minutes for the round. 
The gathered cotton weighed sixty-seven pounds. It is claimed 
that the cai)acity of the machine is from 500 to 600 pounds of 
seed cotton. [The Indian Textile Journal, Vol. XXXI, No. 36 . 3 , 
December 1920 .] 

<i> * 

NEW EGYPTIAN COTTON LAW. 

The following Law prescribing measures to prevent the 
mixing of different varieties of unginned cotton and cotton seeds 
has been issued by the Egyptian Government : — 

Art. 1. For the purposes of the present law, the expression 
“ variety of cotton ” will be understood to comprise the varieties 
of cotton specified in the annexure to the present law as well as any 
varieties which may be added to this annexure by rulings of our 
Minister of Agriculture-. 

Art. 2. It is prohibited- - 

(1) to mix or cause to be mixed any one variety of cotton 
with cotton of any other variety or varieties ; 



NOTES 


339 


(2) to mix or cause to be mixed the seed of any one variety of 
cotton with that of any other or all other varieties of 
cotton. 

Art. 3. This prohibition applies — 

(а) To all varieties of cotton between the periods of harvesting 

and ginning. 

(б) To the seeds of all varieties. At. the same time seeds 

destined for exportation, for pressing or for any other 
industrial use are e.xeepted from this' prohibition, but 
only on the condition that the alleged purpose can be 
clearly established. 

(c) To any person in whose possession or under whose control 

unginned cotton or cottoji seed may be found for 

• • 

whatever purpose. 

Art.. 4. It is forbidden, in the absence of a special authorization 
to be issued by the Minister of Agriculture, to despatch cotton seeds 
from any port of tlic Egyptian territory towards the interior of the 
country. 

Art. 5. Any person, who, liaving nnginned cotton or cotton 
seeds in his possession or under his control, omits to take necessary 
precautions to prevent the mixing 

(a) of one variety of this cotton with the cotton of any other 
variety or varieties, 

{h) of the seed of one variety of cotton with the seed of any 
other or all other varieties of cotton, 
is liable to the punishment provided by Art. 9 of the present law. 

Art. 6. Rules regulating the conditions of application of the 
present law will be issued by the Minister of Agriculture w ith the 
approval of the Council of Ministers. 

Art. 7. The Onidehs and Sheikhs will be entrusted with the 
execution of the provisions of the present law as well as of the rules 
hereinbefore mentioned, with the assistance of the Cafiirs and 
under surveillance of the Moudirs and the Mamours-markez, 
the Inspectors, Sub-inspectors and Moaw'ens of the Ministry 
of Agriculture as well as all other agents designated for this 
purpose. 
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Art. 8. Infringements of the provisions of the present law and 
of the rules hereinbefore mentioned mar be certified by any officer of 
the judicial police or by any agent of the Ministry of Agriculture 
designated for this purpose. They may, in consequence, visit all 
fields, all public or private depots and all ginning factories, in order 
to satisfy themselves that the provisions of the present law or by 
the orders hereinbefore mentioned are observed and adhered to. 

These visits may not be extended to cover localities exclusively 
destined for habitation. 

Art. 9. All infringements against the provisions of this present 
law and of the rules hereinbefore mentioned will be punished by 
imprisonment not exceeding a week and by a fine not exceeding 
P. T. 100 or by one of these two penalties only. Cotton and cotton 
seed, the object of the contravention, will be seized and confiscated 
to the profit of the State as far as 5 per cent, of their value is 
concerned. Seed obtained from the balance will be, in all cases, 
destined for exportation or for pressing. 

Art. 10. When a prosecution has been instituted simultane- 
ously against strangers and local residents for the same 
contravention the mixed Court will be competent to try all the 
culprits. 

Art. 1 1 . Our Ministers of Interior, of Justice, and of Agricul- 
ture are charged, each in his own capacity, with the execution of the 
present law, which will come into force from the date of its 
publication in the Official Journal. 

Annexure to the Law. Sakellaridis, Pilion, Mit Afifi, Nubari, 
Assili, Abbassi, Casulli, Voltos, Theodorou, Fathi, Aschmount, 
Zagora, Yoannovitch, Makssussi. 

* 4 > 

IMPORTATION OF COTTON SEED, RAW COTTON, MAIZE 
AND BARLEY INTO SOUTH AFRICA. 

The following iwo notices, issued by the Secretary for 
Agriculture, Union of South Africa, are republished for 
information : — 

Colton seed and raw cotton. The Department of Agriculture 
again directs attention to the provision in the Agricultural Pests Act, 
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No. 11 of 1911, requiring that a special permit be obtained to import 
any cotton seed into the Union from oversea or from other than 
British territory in South Africa. It has been decided that permits 
shall be given only in respect of seed intended for sowing, and then 
only when the introduction of sucli seed is deemed desirable by the 
Chief of the Cotton Division. Each application for a permit sliould 
state the name of the variet 3 % the country of origin, the quantity 
desired, the port through which it would arrive, and the full name and 
address of both the proposed consignor and consignee. Cotton seed 
that is allowed to enter will be fumigated with carbon bisulphide, 
and the consignee required to pay a fee of (kl. per 100 lb. of seed for 
such treatment. 

A proposition to restrict the importation of raw cottoii is under 
consideration. Raw (unmanufactured) cotton almost unavoidably 
contains some cotton seeds, and ihere is danger of introducing a 
very serious jiest of groAving cotton in such seed. The public is 
therefore cautioned to avoid making any arrangements to import 
raw cotton without consulting the Department of Agriculture. 
Raw cotton is sometimes used as packing material for merchandise. 
Importers who receive furniture or aiy^ other goods packed 
with such cotton should warn the shipper to discontinue the 
practice. 

Maize and barley. Attention is directed to the provisions of 
Proclamation No. 33, 1920, requiring that a special permit be 
obtained to import tlie grain of maize and barley into the 
Union. 

It has been decided that permits shall be given only in respect 
of small quantities of seed intended for sowing and then only when 
the introduction of such seed is deemed desirable, and will be grown 
under conditions approved of by the Chief of the Division of 
Botany. 

Each application for a permit should be addressed to the Chief, 
Division of Entomology, Box 613, Pretoria, and should state the 
name of the variety, the coimtry of origin, the quantity desired, 
the port through which it would arrive, and the full name and 
address of both the proposed consignor and consignee. 
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TBE SELECTION OF FCOD PL>^NTS BY INSECTS. 

In the “ American Naturalist ” for July-August 1920, Dr. 
Charles T. Brues, of the Bussey Institution of Harvard University, 
gives an account of his study of the selection of food plants by insects, 
with special reference to Lepidoptera larvae. Dr. Brues finds that 
the lepidopterous insects show a very fixed instinct to select definite 
plants for larval food and that many are extremely precise in this 
respect, although some are less so, and others are quite catholic in 
their tastes. Furthermore, Ihere is much to show the existence of a 
so-called “ botanical instinct ” in species, genera and even families, 
wherei)y evidently related plants and these only serve as food. A 
few species have departed from the general habit so far that they 
have become carnivorous. 

To avoid numerous difficulties it seems clear to Dr. Brues 
that the selection of food-plants hy the lepidopterous insects 
studied by him must be considered as dependent upon one or 
several of a numl)er of factors. Among these he includes the 
following 

1. The odour of the j)lant and also its taste, which is 
no doubt closely connected with odour. Associations reasonably 
placed in this category would be the oligophagous species occurring, 
for example, on various (Vuciferfe, various Umbelliferas and 
various Oomposita*. An additional argument for the importance 
of this factor is seen in the less common utilkatioji by the 
same insect of several plants in a family like the Solanaceie 
where a more or less similar odour does not become* a family 
characteristic. 

2. Some attribute of the plant, perhaps an odour, but far less 
pronounced to our own senses than those mentioned above. 
Species restricted to plants like LeguminosaB or Violaceae may be 
considered in this category. Undoubtedly, there is some attribute of 
such plants which insects can lecognize in a general way and not as a 
specific characteristic of some single plant species or genus. The 
“ botanical instinct ” of some caterpillars that has frequently been 
commented upon would appear to be an exaggerated power of 
recognition of this sort. 
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3. A similarity in the immediate environment or general form 
of the food-plant. The effect of something of this sort is seen 
particularly in oligophagous and also polyphagous caterpillars 
feeding mainly on trees or shrubs, such as the gipsy-moth, Cecropia 
moth, etc., and those of certain species like some of the Arctiid moths 
that feed upon a great variety of low plants. 

4. Apparently chance associations that have become fixed, 
whereby diverse plants are utilized by oligophagous species. Second- 
arily polyphagous species show these in an exaggerated form. On 
account of their comparatively rare occurrence these seem to be 
analogous to stuctural mutations although they appear to be strictly 
modifications of instinct. These associations are much more apt to 
occur in some groups (families and general) than in others. {ScietUific 
American Monthly, Vol. Ill, No. 1.] 

♦ 

* * 

; ^ INCREASING THE FROTEIN CONTENT OF WHEAT. 

Prokrssor W. F. Gericke, of the University of California, 
presents, in “S('ience” for November 5th, 1920, the results of 
investigations on methods of increasing the protein content of 
wheat. 

Wheats of the Pacific Coast States are conspicuously low in 
protein, so much so that western millers are obliged to ship in large 
quantities of high protein wheat to mix with their domestic wheats 
in order to manufacture flour of good baking qualities. The cause of 
the low protein content of western Avheats has been the object of 
considerable investigation on the part of interested agronomists 
and plant physiologists for the last two decades. Kesults obtained 
from these investigations have led to a rather common belief that the 
cause of the low protein content of Pacific Coast wheat is primarily 
attributable to peculiar influences of climate. 

Professor Gericke ’s investigations show that this belief is not 
correct, but that the protein yield is correlated with the application 
of certain forms of soluble nitrogen at different growth periods. 

The data collected show a decided increase (about 77 per cent.) 
in the protein content of wheat obtained from the plants that received 

8 
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nitrogen when they were 110 days old over those that were treated 
with nitrate at the time of planting. The protein oontcnt of the 
wheat obtained from those two different treatments are respectively 
15‘2 per cent, and 8*0 per cent. The data show that for each of the 
different applications of nitrate made after the time of planting, 
there was a corresponding increase in the protein content of wheat. 
As these increases in the protein content of wheat correspond with 
the length of the period of the different deferred applications of 
nitrate made after planting, this would indicate a significant relation 
between the state of development of the plant and the time when 
nitrate can be most effectively utilized by the plant in the production 
of high protein wheat. This emphasizes that the physiological 
statns of the plant, as indicated in its different growth phases, is a 
factor of great importance in the utilization of plant food available to 
it. 

Not only was the protein content of the wheat increased by all 
of the deferred applications of nitrogen, but the yield of produce, 
excepting that obtained by the latest application, was much larger 
from the plants that received nitrogen for the period of 33 to 72 
days after planting than those that received nitrogen during the 
early growing period. The best quality wheat as determined by 
commercial grading was secured from the plants that received 
nitrogen 72 and 110 days after planting. This means that the high 
protein wheat berry was likewise plump and well filled. 

Professor Gericke concludes that the results obtained in this 
investigation show that the low protein content of Pacific Coast 
States wheats is not due primarily to the climate as such, but to 
insufficiency of available nitrogen at certain growth periods of the 
plants. The climate is not wdthout effect upon the availability of 
the plant food in the soil is obvious, but the emphasis to be laid on 
the climatic complex is that it affects the nutrition of the plant. 
This can be both in the kind and quantity of each of the different 
nutrients that may be available to it. That this availability is 
an important factor in affecting the composition of plant products 
is shown by the results of this investigation. {Sdentific American 
MoniMy, Vol. Ill, No. 1.] 
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CHEMICAL AND BACTERIOLOGICAL TESTS OF EGGS. 

An exhaustive bivostigation of the chemical and bacteriological 
differences between fresh eggs and ordinary commercial eggs has been 
made by the U. S. Department of Agriculture, and has attracted 
attention not only in this country but abroad. The term fresh is 
properly applied to eggs only when they are less than twenty-four 
hours old .and have been kept in a cool and well-aired place ever 
since laid. Other eggs are divided into those which have been taken 
from a sitting hen and those which have not. The tests of these two 
classes of eggs yielded the following results : — 

1. The eggs gathered in July and August contain very few 
micro-organisms, and in many cases no coli bacteria were present 
whatever. 

2. The majority of the tests of eggs of the first class when tlie 
shells were clean had comparatively few bacteria, and only 8‘3 per 
cent, of these j)osse8sed more than 1.000.000 germs in one gram by 
volume. 

3. Kggs with dirty shells, or with cracks, or eggs with a yolk 
which mingled with the albumen contained over 1,000,000 germs per 
gram by volume, but likewise IG'6 per cent, or 18’8 per cent, or 20 
per cent, of them, respectively, were notably freer from coli bacteria 
than the first group. 

4. Eggs having a speck of blood contained comparatively 
few bacteria ; those having a large spot of blood were usually 
richer in bacteria than those with a small spot: the majority con- 
tained few^r than ten coli bacteria per gram of the volume of the 
egg. 

5. The determination of ammonia nitrogen contents showed 
that the decomposition of the albumen was greater in the different 
kinds of commercial eggs than in the fresh eggs ; but it was less 
than that of many eggs sold at retail. However, although a cracked 
or dirty shell indicated danger of infection and consequently 
decomposition, the tests show^ed that such eggs have as good 
keeping quality as those of the first class with clean shells, and 
that those collected in August and July are the best in this 
tespect. 
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6. The eggs gathered in July and August and eggs of the first 
class with cracked or dirty shells can be employed without hesitation 
both in the household and the bakery. 

7. Those eggs which were infected with bacteria included 
most of those in which the yolk had run into the white, and most 
of those in which the yolk showed a tendency to cling to the 
shell, as also all of those which were either partly or wholly 
musty or moldy, and all of those in which the yolk stuck fast to 
the shell, as likewise those in which the albumen was greenish 
in colour. 

8. All the eggs with yolks which exhibited a slight tendency to 
stick to the shell were less defective from the chemical point of view 
than the cooking egg of the first class, while the musty eggs, those 
with intermingled whites and yolks, with greenish whites, and those 
with yolks which stuck tightly to the shell, usually exhibit a much 
greater degree of decomposition. The eggs with black spots 
contained five times as much ammonia nitrogen as the eggs in the 
previous groups. None of these eggs is fit for use either in the 
kitchen or in the bakery, with the exception of those in which the 
yolks stick but slightly to the shell. [Scientific American Monthly, 
Vol. Ill, No. 1.] 

* 

<i> * 

SWEET POTATOES AS STOCK. FOOD. 

Sweet potato silage is a comparatively new contribution to an 
already variable ration for live stock in the South, a series of 
experiments covering a period of years as conducted by the 
agricultural experiment station of the University of Florida 
determining its fitness as a stock food. As a major crop in the 
Southern States, equalling in value that of the upland cotton acreage 
in Florida, its use in sustaining cattle during the winter months 
enhances its appreciation as a farm product. 

Sweet potatoes, diverted from the storage house to the silo, 
are run through the ensilage cutter in the same fashion as corn or 
other products converted into silage. The storage facilities as now 
in vogue involve a loss of thousands of dollars in sweet potatoes in 
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the South ; whereas among the virtues claimed for the conversion of 
the tubers into silage are the absence of loss from storage, reduction 
of required space for preservation, and no waste in feeding. 

Chemical analyses of sweet potato silage and corn silage fail to 
disclose any appreciable difference. The former has a moisture 
content of 54’ 87 per cent., crude protein 1 * 82 , nitrogen-free extract 
39 * 41 , fibre 1 * 48 , fat 0 * 66 , and ash 1*85 per cent. Silage 
manufactured from matured corn analyzes as follows : Moisture 
73*7 per cent, cruds protein 2 * 1 , nitrogen-free extract 15 * 4 , fibre 6 * 3 , 
fat 0 * 8 , and ash 1*7 per cent. Feeding experiments in Florida 
have justified the claims that 100 pounds of sweet potato silage 
will replace from 150 to 200 pounds of corn silage in the ration. The 
uneven ratio favouring the feeding value of the potato product* is 
attributed to a minimum water contei\t, and the presence of two 
and one-half times as mu(!h nitrogen-free extract as the corn 
silage. 

Comparative tests to ascertain the relative feeding values of 
sweet potato silage and Sorghum silage in the production of milk 
yielded tlie following results .* The cows subsisting on sweet potato 
silage, wheat bran, and cotton-seed meal produced 2,641 pounds or 
307*1 gallons of milk. For a corresponding period of time, cows fed 
on Surghum silage, wheat bran and cotton-seed meal yielded 
2 , 415*8 pounds or 280*9 gallons of milk. [Scientific American, Vol. 
CXXIV, p. 73 ; dated 22nd January, 1921 ,] 



personal notes, appointments and transfers, 

MEETINGS AND CONFERENCES, ETC. 


Mr. G. S. Henderson, N.D.A., N.D.D., Imperial Agriculturist, 
Pusa, is appointed substantive pro tempore Joint Director. 
Agricultural Research Institute, Pusa. from the Ist March, 1921. 

With effect from the same date, Mr. Henderson is appointed, 
in addition to his own duties, to act as Imperial Dairy Expert. 

* * 

Mr. W. McRae, M.A., B.Sc., F.L.S.. substantive pro tetnpore 
Imperial Mycologist, has been granted combined leave for one year 
from the 6th January, 1921. 

From the same date. Dr. F. J. F. Shaw, A.R.C.S., F.L.S., 
(Second Imperial Mycologist, and Mr. J. F. Dastixr, M.Sc., D.I.C., 
Supernumerary Mycologist, Pusa, are appointed to officiate 
respectively as Imperial Mycologist and Second Imperial 
Mycologist., during Mr. McRae’s absence on le.ave. 

* 

* * 

Mr. T. Bainbrigge Fletcher, R.N., F.L.S., F.E.S., F.Z.S., 
was substantive pro tempore Joint Director, Agricultural Research 
Institute, Pusa, from the 6th January to the 28th February, 1921, 
in addition to his own duties as Imperial Entomologist. 

♦ 

* * 

Mr. W. Smith, Imperial Dairy Experi, has been granted 
combined leave for eight months. 

* 

* * 

Mr. G. F. Keatinge, C.I.E., I.C.S., Director of Agriculture,. 
Bombay, is granted, frorii the 28th February, 1921, combined leave 
for eight months. > 


( 348 ) 



PERSONAL NOTES 


349 


Dr. Harold Mann has been appointed to act as Director 
of Agriculture, Bombay, during the absence on leave of Mr. G. F. 
Keatinge. 

* 

* * 

Mr, S. L. Ajrekar, B.A., has been , appointed Plant 
Pathologist, Bombay Presidency. 

* 

♦ ♦ 

Mr. M. H. Sowerby, M.R.C'.V.S., Assistant Principal, Bombay 
Veterinary College, has been granted combined leave for six months 
from the 1st May, 1921. Mr. N. D. Dhakmarwala is appointed to 
officiaie. 

* 

♦ * 

Mr. Jb K. Bhidk has been appointed to act as Plant-breeding 
Expert. Bombay, relieving Mr. W. ,7. .Jenkins. 

* 

* * 

,\Ir. E. 8. Farbrother, M.K.C.V.S., Superintendent, Civil 
Veterinary Departmeni , Sind, Baluchislan and Rajputana, has been 
gi’anted combined leave for one year, Khan Bahadur S. G. Haji 
officiating. 

■It 

>•> Hi 

Mr. (.'heia'aranga Raju Garu, Deputy Director of 
Agriculture, Madras, has been permitted to retire from service. 

* 

■It * 

Rai Bahadur K. Ranga Achariyar, M.A., Government 
iiccturing and Systematic Botanist, has been allowed privilege 
leave for one month. Mr. C. Tadulingam officiating. 

■It** 

Mr. a. C. Edmonds, Deputy Director of Agriculture Madras, 
lias been placed in charge of I Circle, Cooanada. 

♦ 

♦ ♦ 

Mr. D. Balakrishna Murti has been appointed to officiate 
as Deputy Dhector of Agriculture, II Circle, Madras Presidency, 
with headquarters at Gantur. 
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Mr. D. G. Monbo, Deputy Director of Agriculture, Madras, 
has been placed in charge of II Circle, TriobiDopolp. 

* 

* * 

Mb. M. Govinda Kidavv, Assistant Director of Agriculture 
in charge of VII Circle, has been appointed to act as Deputy 
Director of Agriculture, VII Circle, Madras Presidency. 

* 

♦ ♦ 

Mr. P. T. Saunders, M.R.C.V.S., has been appointed to the 
Indian Civil Veterinary Department and is posted to Madras. 

*** 

Mr. R. S. Finlow, B.Sc., F.I.C., Fibre Expert to the 
Government of Bengal, has been granted combined leave for ten 
months. 

* 

♦ ♦ 

Rai Sahib Apurba Kumar Ghosh, Superintendent of 
Sericulture, is appointed to act as Deputy Director of Sericulture, 
Bengal, until further orders. 

* 

* * 

The services of Mr. B. C. Burt, M.B.E., B.Sc., Deputy Director 
of Agriculture, Cawnpore, have been placed at the disposal of the 
Government of India, Department of Revenue and Agriculture, for 
appointment as Secretary, Central Cotton Comniittee. 

♦ 

♦ ♦ 

Mr. P. K. Dev, M.Sc., Plant Pathologist to Government, 
United Provinces, was on privilege leave for one month and one 
day from the 15th February, 1921. 

* 

* * 

Dr. H. E. Annett, Opium Research Cliemist, lias been 
appointed to officiate as Principal, Agricultural College, Cawnpore. 

* 

♦ ♦ 

Dr. T. M. Singh, Assistant Agricultural Chemist, has been 
appointed to officiate as Agricultural Chemist to Government, 
United Provinces. 



^EllsoiiL NOTES 

Mr. W. N. Harvey, M.S.E.A.C., Deputy Director of 
Agriculture, Un ted Provinces, has been granted permission by His 
Majesty s Secretary of State for India to return to duty. 

♦ 

♦ ♦ 

Mr. P. B. Richards iian been appointed to the Indian 
Agricultural Service and posted as Entomologist to Government, 
United Provinces. 

♦ 

* ♦ 

Mr. a. C. Dobbs, B.A., Director of Agriculture, Bihar and 
Orissa, has been granted comluiied leave for ten months. 

♦ 

He « 

Mr. E. L. Tanner, Director of Land Records and 

Surveys, lias been appointed lo act as Director of Agriculture, 
Bihar and Orissa, in addition to his own duties, during the absence 
of Mr. Dobbs on leave. 

* 

* * 

Mr. C. Somers Taylor, B.A., Principal of the Agricultural 
College at Sabour, and Agricultural Chemist to the Government 
of Bihar and Orissa, has been granted combined leave for eight 
months. 

Mr. G. C. Sherraru, B.A., officiates as Principal in 
addition to his own duties as I’rofessor of Agriculture, and 
Mr. M. N. Ghosh, M.A., as Agricultural Chemist, until further 
orders. 

* 

* * 

Mr. D. Milne, B.Sc., has, on return from leave, resumed 
charge of his duties as Economic Botanist to Government, 
Punjab. 

* 

* * 

Captain K. J. S. Dowland, M.R.C.V.S., Professor of Sanitary 
Science, Punjab Veterinary College, Lahore, has been attached 
to the office of Chief Superintendent, Civil Veterinary Department, 
Punjab, for training. 
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Captain E. Sewell, M.C., M.E.C.V.S., has taken over charge 
of his duties as Post-Graduate Professor, Punjab Veterinary College, 
Lahore, relieving Mr. W. 'Taylor, Professor of Pathology and 
Parasitology, of the additional duties of Post-Graduate Profmor. 

* 

* * 

Mr. David Hendry has been appointed to the Indian 
Agricultural Service and posted to Burma as a Deputy Director of 
Agriculture. 

4s 

4s 4 e 

Mr. a. McKerral, M.A.. B.Sc., Deputy Director of 
Agriculture,' Burma, has been transferred from the charge of the 
(Southern Circle to the charge of the Northern Circle, with 
head^uai’ters at Mandalay. 

* 

* * 

Mr. K. a. Beale, Assistant Botanist, Burma, has been placed 
in charge of the current duties of the Deputy Director of 
Agriculture. (‘Southern Circle, with headquuriers iit Inscin, r/re 
Mr. McKerral transferred. 

* 

4s 4s 

Cai’TAIN .). B. Idle, who has been appointed to tlie Indian 
Civil Veterinaiy Department, has been posted to Burma. 

4t 

♦ ♦ 

Mu. iS. K. Mitk.a has been appointed, on pnsbation. Economic 
Botanist. Assam. 
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Lessons on Indian Agriculture. — By D. Clouston, C.I.E., Director of 

Agriculture, Central Provinces. Pp. x -|- 224 + 58 text-figures. 

(London : Macmillan & Co., Ltd.) Price, .3s. Qd. 

This book, prepared by a I3i rector of Agricultiu*e, and 
consisting of a series of chapters on soils, cultivation, manures, etc., 
with further chapters dealing with entomology, cattle diseases and 
co-operation, is of interest from several points of view. As pointed 
out by Mr. ,1 . Mackenna, late Agricultural Adviser to the Government 
of India, in his foreword, it has been written by one who has, for the 
last fifteeJi }'ears. I>een wojking in the Agricultural Department, and 
who, having this practical experience, is specially fitted to write 
about Indian agi’icuU me. We welcome the book for more reasons 
t han OIK*. First, because it is so written that it cair be used either as 
a text-book in agricultural schools and in the junior classes of an 
agricultural college or even as a reader in ordinary schools. Secondly, 
the autJior’s treatment is so clear that, it should enable the majority 
of schoolmasters to grasp what they are going to teach, with the 
result that they will be able to ex]>ound the lessons in such a manner 
as to stimulate the students' curiosity and arouse a more intelligent 
interest in their surroundings. Another welcome feature of the 
book is that it can be used as a text-book in any part of India, as it 
deals with the broad principles of agricull ural practice as affecting 
this countr}% the principal crops grown, etc. With the insistent cry 
now being raised in the press and in the councils for the improvement 
of rural education, and the desire to make it less literaiy and more of a 
natme that will enable the students after their school life to step into 
their ancestral vocation with a mind trained to observe and to 

( ) 
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experiment, the need of suitable text-books is very great, and we 
have no hesitation in saying that Mr, Clouston’s book under review 
should supply a long-felt want in this direction. 

Turning to details, while the size of the book is handy and the 
printing good and clear, we have noticed several misprints which we 
should not have expected in a book printed in the United Kingdom. 
No uniformity has been observed in printing vernacular names. 
The same word is printed sometimes in italics and sometimes 
in Homan type. The glossary at the end is not exhaustive 
enough. 

The illustrations on the whole are good and clear. But figure 
26 on page 93 is printed upside down, and the illustration of a good 
Indian milch cow on page 187 leaves much to be desired. Jn its 
phute, a photograpli showing the good points of an Indian milch cow 
would have been most Hp])ropriate, and it would surely have been 
possible to obtain one. We make this remark because we feel 
convinced that many g(»od photographs showing these points are 
available, and the iiudusion of one such would have greatly enhanced 
the educational value of the book. 

'riiese are, however, minor defects which we are sure the author 
will pul right when a second edition is brought out. The 
compilation must have cost the author many weary hours of labour, 
and we wish the book all success. [W. 8.J 

♦ 

* * 

Poultry-Keeping in India — By Isa Tweed. New Edition. 

(Calcutta, Thacker, Spink & Co.) Price, Us. 6. 

IsA Tweed's latest edition (*f her popular book on poultry- 
keeping in India aims at helping people in t his country to understand 
how to breed poultry so that it should be both a source of pleasure 
and profit. The opening chapter of the book strikes the right note by 
pointing out that jtoultry -keeping is not to be lightly regarded as 
an unimportant occupation for the uneducated and lower classes, but 
as an industry that should occupy the attention of the intelligent man 
and woman, both from the point of view of an increasingly important 
source of food production and also from the point of view of offering 
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E most iinportflnt fisld of work for tho stn(36iit Eiid invostigEtor of 
problems of biology. 

The industry hus taken a very large and prominent place in the 
agricultural development of otlicr progressive countries in the world, 
but in India its importance has scarcely been realized, and except 
for the effort of a small minority its immense possibilities have 
been practically untouched. As Tsa Tweed points out, properly 
organized, it should prove an admirable cottage industry most suited 
to supplement the incomes of the. masses of depressed classes in 
India, and missionary societies and otlier philantlnxtpic persons 
would do well to consider this. Valuable advice is given in the book 
on the important question of housing f)oultry, though the houses 
illustrated appear more suited to the colder climate of the hills than 
that of the plains, but with open sides and fronts of wire noting, 
instead of wood woik, this difficulty is easily surmounted. 

The question of feeding fowls is always the first difficulty of the 
novice, and the chapter on foods explains in simple language the 
feeding values of t he various feeding si uffs available. To be critical, 
it would have been a help to the novice to have had niore exact 
directions as to quantities and proportions, as it is well known that a 
balamied died, is a very important factor in the })roduction of eggs and 
table fowls, and that, ignorance on this nratler hampers success. 

Breeding and selection of stock is fully dealt with, and valuable 
advice on natural and artificial incubation and management of 
chickens is also given. The treatment for sick fowls is admirable. 
Many of the. prescriptions given have been tested with success on 
the Government Poultry Farm, Lucknow. 

We do not see eye to eye with the author on some points, such 
as, for instance, the question of egg production and fertility. We 
consider t hat a hen producing only 120 eggs per annum is not worth 
the cost of her food. We think the hen producing 180 to 200 eggs a 
year, and even more, can still be relied on for laying a high average 
of fertile eggs. We concede that very high records are preiudicial to 
fertility, but very few egg farmers in these days would care to beep 
fowls whose average did not exceed 120 per annum. With feeding 
stuffs at such a high price, greater production of eggs is imperative in 
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f»rder to make poiiltry-f arming a profitable investment. Also, we 
think that imported poultry do a great deal better in India than Isa 
Tweed claims, and the large and increasing number of poultry 
fanciers in India, who import from England and Australia, would 
go to prove that their ex])erience does not bear out wbat Isa Tweed 
states. 

Poultry-farming methods in other countries have of recent years 
made such enormous strides in improvement that it is almost 
impossible for any book to keep up to date, but Isa Tweed has 
succeeded in giving the poultry farmer in India a most comprehensive 
and instructive book written in sitnjde language that cannot fail 
to be of the greatest assistance to him in a country where so little 
knowledge or help is available. We trust it will not be long before 
(Government takes up the matter in every province, [A. K. F.] 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 

1. Tnseoi Life, by A. Klaiul. I’p. xii | .‘Uu I Ixxiv plates. 

(London : A. and ('. Black.) Price. net. 

2. Agriculture and Irrigation in Continental and Tropical 

Climates, by Kinsley 1). Doyle. Pp. xv-i 2(>R. (London : 
Constable and C<).) Brice. lt)s. net. 

.‘J. An Introduction to Bacterial Diseases of Plants, by Erwin 
F. Smith. Bp. xxx-j U88. (Bhiladelpliia and London : 
W. B. Saunders and Co.) I’rice. 5()*\ net. 

4. .An Introduction to the Chemistry of Blant Broducts. by 
Dr. 11. B. Haas and T. C. Hill.' Yol. I. On the Nature 
and Significance of the (-omnioner Organic Compounds 
of Blants. Third Edition. Bp. xiii-i 414. (London : 
Longmans. Creen and Co.) Brice. Ifts*. net. 
a. Types and Breeds of Farm Animals, by Prof. C. S, 
Blumb. Revised Edition. (Coun tryJafe Education Series.) 
Bp. viii-|-820. (Boston and London ; Oinn and Co.) Brice, 
16s. 6d. net. 

(5. The Breeding and Feeding of Farm Stock, by J. Wilson. 
Pp. vii+152. (London : Methuen and Co.) Price, 6s. net. 

7. A Book of Blitter ; A Text on the Nature, Manufacture, 

and Marketing of the Product, by Prof. E. S. Guthrie. 
Pp. XV -{-270. (London : Macmillan and Co.) Price, 12s, 
net. 

8. Farm Management, by J. H. Arnold. Pp. vii-i-243. (Ixmdon : 

Macmillan and Co.) Brice, 7s. 6d. net. 

9. Farm Crops Laboratory Manual and Note Book, by F. W. 

Lathrop. Pp. 118. (Philadelphia and London : J. B. 
Lippincott Co.) Price, 4s. 6d. net. 
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10. Indian Hand-book on Ducks, Geese, Turke)^, Guinea-fowls, 
Pigeons, Pea-fowls and Rabbits, by Isa Tweed. Second 
Edition. (Calcutta : Thacker, Spink & Co.) Price, Rs. 4-8. 

The following publications have -been issued by the Imperial 
Department of Agriculture since our last issue : — 

Memoirs. 

1. The Retention of Soluble Phosphates in Calcareous and 

Non-Calcareous Soils, by W. H. Harrison, D.Sc., and 
Surendra Lai Das, M.Sc. (Chemical Series, Vol. V, No. 9.) 
Price, R. 1 or Is. 4d. 

2. Indian Grass Gall Midges, by E. P. Felt. (Entomological 

Series, Vol. VII, No. 3.) Price, As. 10 or Is. 

Bulletins. 

3. Ustila^o Crameri, Koern. on Setaria ilalica, by S. Sundera- 

raman, M.A. (BuUctin No. 97.) Price, As. 4. 

4. The Course that Surra runs in Camels when Naturally 

(Contracted and when Artificially Inoculated, by H. E. Cross, 
M.R.(\V.S., D.V.H., A.Sc. (Bulletin No. 98.) Price, As. 5. 

6. The Course that Camel Surra runs in Ponies, Buffaloes and 

other Animals, by H. E. Cross, M.R.C.V.S., D.V.H., A.Sc. 
(Bulletin No. 99.) Price, As. 4. 

0. Instructions for Rearing Mulberry Silkworms, by M. N. De, 
(Bulletin No. 39: Third Revised Edition.) Price, R. 1-3. 

Rejiort. 

7. Annual Report of the Imperial Bacteriological Laboratory, 

Muktesar, for the year ending the 31st March, 1920. Price, 
As. 5. 
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Tlic Agricnltnral Journal of 
India, Vol. XV, Parts V & VJ, 
and Vol. XVI, Part I. Prici* 
R. 1 *8 or 2s, per part. ; annual 
eubBcription Re, 0 or 9.v. C)d. 

Edited by the Agricul- 
tural Adviser lo the 
Government of India. 

Messrs. Thacker, ^pink 
& Co., (*alcutta. 

2 

1 

Seieniifie. ReportH of the Aj^ri- 
cultural ReHearch Institute, ^ 
Pusa (including; the Refiort 
of tbe Secretary, Sup:ar 
Bureau) for 1919-20. Price i 
R. 1. 

Issued from the Agricul- 
tural Research Insti- 
tute, Pusa. 

Government Printing, 
India, Calcutta. 


Review of Agricultural Opera- 
tiona in India, 1919-20. 
Price R. 1-4. 

Agricultural Adviser to 
the Government of 
India, Pusa. 

Ditto. 

4 

The Conditions affectinR the 
quality of the Java Indi^fo 
Plant (Leaf yield and rieh- 
nesa of the leaf in indigotin). 
Pusa Indigo Publication 
No. 7. Price As. 9. 

1 W. A. Davis, n.se., 
A.c.a.i., Indigo Re- 
search Chemist. 

1 Ditto. 

6 

Note on the Development of 
the Indigo Industrv in Aasam 
in conjunction with Tea and 
other crops. Pusa Indigo 
Publication No. 8. Price 
As. 3. 

Ditto.. 

Ditto. 

6 

Prices and Wages in India 
(Thirty- fifth Issue). Price 
Rs. 2 or 3^. 

Issued by the Depart- 
ment of Statistics, 
India. 

Ditto. 

7 

Agricultural Statistics of 

British India, 1018-19. 

Price As. 4. 

Ditto. 

Ditto. 

8 

Estimates of Area and Yield of 
Principal Crops in India, 
1919-20. Price As. 8. 

Ditto. 

Ditto. 


9 





AORICtTLTURAL JOURNAL OP INDIA 


[XVI, ni, 


TJS'r OP AORIOULTURAL PUBLICATIONS— ronW. 


No. j 

1 

Title- 

1 Aut hor 

When- piiblislied 


Of nr ml 



. 1 gnndlH re — cm 1 1 1 1 . 
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ProoccOin^H of llio 12in| Ko^ji- 
lar Mof‘| inf's of tho llon^al 
Silk- . Consul it tee .li(4d in 
Caloulla on ilio 23ril Aiif'ust, 
1020. 

Issiied hy t lie Deparl- 
inent of Agriculture. 
Bengal. 

Bengal Secretariat Pres.s, 
f ‘uleiittn. 

- 10 

Proooodinf'8 of a l>e]mrtmontal 
Agricultural Confomneo held 
lit T)acea on the Otli and 7th 
Df-eeinhor, 1020. 

Ditto. 

Ditt o- 

II 

Annual Hi-port of the Drpait* 
inont of AKricultiirr, !Bihar 
and Orissa, for the year 
ending .30111 .Tiino, 1020. 
Prioe As. 0. 

Tssiu-d hy the Di-imrl • 
ment of Agrieiilt m(*. 
Bihar and Orissa. 

( lovennueiit Printing. 

Bihar iiiul Drissa. 

Patna. 

12 

Siif^fti'cane nr'‘as in "Bihar and 
Map of tin- Batna Division 
( (with explanatory note*). 

Ditto. 

Messrs. Thacker. Spink 
tV Co., Caleiitta. 

1:1 

Report on tin- Administration 
of tin* D(‘pari ment cif Afrri* 
nnlt.uro of the Ihiited Brovin* 
ces for tin- year end inf' the 
30th dune, 1920. Price 
As. 8. 

Issiieil hy the Depart- 
ment of Agrieuh lire. 
United Provinces. 

tiovernmeiit J* r e s s , 
United Provinees, 

Allahabad. 

14 

Season and Crop Report of the 
ITnited Provinces of Apiti 
and Ondh for 1 91 9-20, Price 
Ah. 10. 

Ditto. 

Ditto. 

ir. 

Report- on the AKiieultural i 
Experiments in the (Vninil 
(Urcle, United Provinces, 
for the year endinp the 3(rth 
June, 1920. Brice K. 1. 

Ditto. 

Ditto. 

10 

Report on t he Agricultural 
Stations of the Western 
Circle, United Provinces, 
for the year ending 3 1st 
May, 1920. Price As, 6. 

DitU*. 

Ditto. 

17 

Report, on the Agricultural 
Stations in the Eastern 
(’irele, ITnited Provincd, 
for the vear ending 30t.h 
June, 1920. Price As. 7. 

Ihtto, 

Ditto. 

18 

Report on the Operations of 
the Department of Agricul- 
ture, T*unjab, for the year 
ending 30th June, 1920. 
Part. I. Price As. 1 0 or 1 Od. 

Issued by the Depart- 
mem of Agrieulture. 
Punjab 

Oovernment Pri 11 1 ing, 
Punjab, l.Ahore. 
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Soaboii and Crop Report of tlio 
Punjab for 1910-20, Price 
K. 1-0 or 2s, Od, 

Issued by the Depart- 
ment of Agriculture, 
Punjab. 

(bivcrnnient Printing, 
Punjab, Lahore. 

20 

Annual Ropoit of the Lawreiioe 
Gardens, Lahore, for 1919-20. 
Price As. 2 

Ditto. 

Ditto. 

2\ 

Prospectus of the Punjab Agri- 
cultural College, Lyallpur, 
1920. (iVoi Jor sale). 

Ditto. 

Ditto: 

1 

22 

Tables of Agricultural Statis- 
tics of tlie Punjab for the 
year 1919-20. 

Ditto. 

Ditto. 

2:j 

Annual lleiioit of the Depart- 
ment of Agriculture, RombHy 
Presidency, for 1919-20. 

J.s.sued by the Di'part- 
nienl of Agriculture, 
Bomlmy. 

Yi'ravda Prison Press, 
Poona. 

24 

Season and Crop Report of the 
Roinbay Presidency for 1919- 
1 20. 

Ditto. 

({ov<M“nment C e ii t r al 
Press, Pom bay. 

(V» . 

25 

Piocecdings of tijc lhnnbn\ 
J‘io\jncud lioivrd ol Agri 
culture held at Poona on tl»e 
9th and 101 h June, 1920. 
Price As. 10, 

Ditto. 

Ditto. 

JO 

IiivcstigHtion'i into tbe nature 
of the .salt lainls of Sind, 
Roiuba^ Departnient of Agri- 
culture Uulletin No. 90 of 
1920. Price As. 12, 

V. A. 'i'amliune. Soil 
Physicist, Poona. Agri- 
* cultural College. 

Ditto. 

27 

Pncl\l^\ Peai asjiCatlh* Kood, 
Jlonilmy Depart niciii of 

Agriculture Ihilletiu No. 97 
of 192n. Price R. 14. 

•1. R. Knight, M.Sc*, 

Poinia Airi leiiif uia) 

( 'ollcgc. 

( Jov enmirnl Ce nt r a 1 
Press, Ponibay. 

2s 

Print Cultun- as praeti'^cd near 
Shikarpur, Smd. Ilonihny 
Department of AgneiiUuie 
Ihillerm No. 9S ol 1920. 
Price As. 1-0. 

Mohainetl Cura r k ii a n 

P. Bivrnkzai, Dije Ag., 
Agi'jcidlural Deparl- 
ineiit, Sjiid. 

Ditto. u 

20 

Rejnirl on the < )[ieration.s <»f 
tin* Departnient of Agnenl- 
tiire, .Madia Presidenev, for 
19l9-:?0. Price As. 4. ' 

Ishiied the Depart - 

nnmt of Agiieiiliure, 
Madras. 

( Jn\ ernment P r P P 

Madia'-. 

.oil 

:jo 

Si'ason and Crop Iteporl nf 
^^adraH for 1919-20. Ihice 
As. 12. 

Ditto. 

Ditto. ■ 

1. • ■ ' 

21 

Note on Pepper Cultivation. 
Madras Department of Agri- 
culture Lea (let No. 10. 

Ditto. 
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32 

Report on the Working of the 
JJepartment of Agriculture, 
Central ProvinccH, for 1919- 
20. Price R. 1. 

Issued by the Depart- 
ment of Agriculture, 
Central Provinces and 
Berar. 

Government Press, 
Nagpur. 

33 i 

Season and Crop Report of 
Central Provinces and Bcrar 
for 1919-20. Price R. 1. 

Ditto. 

Ditto. 

34 

Report on Agricultural Stations 
of Southern Circle for 1918- 
19. Price As. 8. 

Ditto. 

Ditto. 

35 

Report on Agricultural Stations 
of Northern Circle for 1918- 
19. Price As. 8. 

Ditto. 

Ditto. 

36 

Report on Agricultural Stations 
of Western Circle for 1918- 
19. Price As. 8. 

Ditto. 

Ditto. 

37 

Report on Demonstration Work 
in the Sou them Circle for 
1918-19. Price As. 8. 

Ditto, 

Ditto. 

38 

Report- on Demonstration Work 
in the Western Circle for 
1919-20. Prbo As. 8. 

Ditto. 

l>ittt. 

39 

The Sindewahi improved fur- 
nace for Gur manufacture. 
Central Provinces Depart- 
ment of Agriculture Bulletin 
No. 8 of 1920. Price As. 2. 

G. K. Kelkar, Extra 
Assistant Director of 
Agriculture, Bhandara. 

Ditto. 

40 

Report of the Deimrtment of 
Agriculture, Assam, for the 
year ending 31 stMarch, 1920. 
Price As. 8 or 1^. 

Issiud by the Depart ' 
ment cf AgrieuUure, 
AKsam. 

"^Ihe Assam Secretariat 
Printing Offiee, 

Shillong. 

41 

Report of the Agricultural 
Experiments and Demonstra- 
tions ill Ahrriii for the year 
ending 31st March, 1920. 

Ditto. 

Ditto. 

42 

Fables of Agrieiiltnral Statis- 
tics of As^nin for the j'ear 
1919-20. 

Ditto. 

Ditto. 

43 

Refiort on the Operations of 
the De|)9rtinent of Agricul- 
ture, Burma, for the year 
ending 30th tiune, 1920. 
Price As. 8. 

Issued by the Depart- 
ment of Agrieulturc, 
Burma. 

(tovernnfent Printing 

Odice, Burma, 

Rangoon. 

44 

Tables of Agricultural Statis- 
tics of XTpper Burma for 
1919-20. 

Ditto. 

Ditto. 
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45 

ISeaHua and Crop Heporl of 
Burma f or 1 9 J 9-20. rrice K. 1 . 

f issued liy the J'lopart- 
ment ot Agriculture. 
Bunna. 

Goveniment Printing 

Office, Burma 

Rangoon. 

40 

Cultivation and Brepamlion 
of Rubber in Burma. Burma 
i>ei>artment of Agriculture j 
Bulletin No. 7 (1911) (Kevincd 
and Rewritten). 


Dittii. 

47 

Cambodia Cotton. Burma 

Department of Agriculture 
Cultivators’ lx*a6et No. 56. 

Ditto. 

Ditto. 

4S 

MiiiutcH of the Meeting of 
l^rovineial (>ottou Committee 
h(‘ld at ^Myingyan on the 
I5th November, 1926 (in 
Burmese). 

Ditto. 

Ditto. 

• 

10 

Suminaiy of Kemaiks on llie 
Kluirif Crop of the NoHh- 
West Frontier Pro\inee for 
1926. Brice As. 12. 

Pe\ eiun* Com mi.sHj oner, 
N«»rth-We.st Frontier 
Proxiucc, 

Government P r e p s , 
Peshavar. 

50 

Season and C'rop lleport «»f 
North-West Fnmtier Broxince 
for iyi9.2th Price It. 1-4. 

Issued by the Dc‘puit- 
inent of Agriculture, i 
Noiih-West Frontier 
Province. 

Ditto. 

51 

Uejjort on the (Iperation.^ of 
tin Dcjwilment of Agricul- 
ture and Bisheries, Tnixai- 
core, for the year I9l!>-2ti, 

Issued by the Depart- 
ment of Agriculture. 
'I’l-a vaiicore. 

(I'overnment P r c s b , 
Triva minim. 

52 

Thf •/mtrual o/ fin Mfulruf^ 
Agricultural Sfufltulf*' I'unm 
(monthly). Annual .siihb- 

cription Its. 2. 

Madras Agricultural 

Studf'iits Ciiion. 

Lit era rv Sun I'ress, 

Coimbatore. 

5;i 

Qua tin hf Jnurual nf fhr Indian 
7'fui A*fif(jciaiiun . Price 

As. 6 p<*r copx. 

iS«ieiilJti<‘ Dijmrlmcnt 

of the Indian Tea 
-\ssociation. Calcutta, 

Catholic Urjihaii Press, 
Calcutta. 

54 

Poo/oi Agricullu lal f'olhge 

Magatim (<| u a r t c r 1 y ) . 
Annual -<ubbeription 11 2. 

College* Magir/ine Com- 
mittee, Potma. 

Arvn Bhusaii Press, 
Poona. 

55 

Journal aj flu- Mf/Mon A grim h 
f u ral a n d Kj'Iu- ri ni cn fal 

Vniou (<juart<*rly). Annual 
subscription Rs. :i. 

•Mysore Agricult iiral 

Kxperinieiital Cnion. 

Bangalore I’resH*, 

Bangulore. 

56 

Indian Sricyiti/hi Agricullu ri*<l. 
Annual HubRcriplion Hs. 4. 

.\lliance AdviTtising 

AsKiH'intion, Lt d ., 

1 Calcutta. 

Bera & Co., Printers. 
Calcutta. 
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Whore published 


Mycology — concld. 


f Morphology and Parasitism Manoranjan Mitra, M.sc., Mossi's. Thaoker, Spink 
of Acrothecium Penniseit, First Aasistant to tin* & Co., (’alcutta. 
n. sp. (A new disease of Pew - Imperial Mycologist. 

niaeium t^yphoidcum). 

Memoirs of the Department 
of Agriculture in India, 

Botanical Series, Vol. XI, 

No. 3. Price R. 1-4 or 2.v, 

Potato Disease. Assam Issued by the Depart* The Assam Secretariat 
Department of Agriculture ment of Agriculture, Printing () fll c o , 

Lc*aflet No. 3 of 1920 (in Assam. Shillong. 

Khasi). 


Messi's. Thacker, Spink 
A Co., ('alcutta. 


Shillong. 


ENTOMOLOGY 


Life-Histories of Indian Insects: 
Microlepidojd era. Memoirs 
of the Imperial Jh‘partmen( 
of Agriculture in India, 
Entomological Serii's, Vol. 
VI, Nos. J.9. I'rice Rs. 7-8 
or 1 lif. 3d. 

Report, of the PrfMjeedings of 
the Third Eiitiunologienl 
Meeting lu'Id at Jhisa, 3rd 
to loth February, 1919. 
Price per complete set of 3 
voIk. Rs. 17-8. 


T. Bainbrigge Fletcher, 
K.N., F.L.S.. F.E.H., 

j'\z.s.. Imperial Ento- 
mologist. 


Edited by T. Bainbrigge 
Fletcher, n.N., f.l.s., 
F. K.S., F. Z.S., Tinpenal 
Entiunologist. 


Messrs. Thacker, Spink 
& (,'o., f'aleutta. 


(lovernmont Printing, 
India, (’aleiitta 


BACTERIOLOGY 


Pebrinein India. Memoirs of 
the Imperial Department of 
Agriculture in India, Bac- 
teriological Series, V'ol. 1, 
No. 8. Price Rs. 3-8 or 
5s. (id. 


i\ M. Hutchins(»n, c.t.f.., 
B.A., Imperial Agriciil 
tural Bacteriologist. 


Messrs. Thacker, S])ink 
& To., ('Hleutlo. 


VETERINARY 


Annual Report of the Imperial 
Bacteriological liaborator^, 
Muktesar, for the year ending 
3lHt March, 1929. Price 
As. 5. 

Annual Report of the Civil 
Veterinary Department, 
Bengal, for 1919-20. 

Annual Report of the Bengal 
Veterinary College for 
1919-20. 


Director and First 
Baetenologist, Impe- 
rial Bacteriological 
Laboratory, Muk- 
tesar. 

Issued by the (’ivil 
Veterinary Depart- 
ment, B<‘ngal. 


Govc‘mment Printing, 
India, ('alcutta. 


Bengal Secretariat Book 
Depdt, Calcutta. 
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Author 

Whore published 


V efef /iw/y— ooucld . 



70 

Aiiuuai Keiiort on the (!ivil 
Veterinary J)epartment, 

United IVoviucea, for the 
vcar ending 31 »t Mandi, 
1920. rrico Ab. 11. 

Issued by tbe Civil 

N' et eri na ry J >e])art - 
ment, United Pro\in* 
ces. 

Government 

United 

Allahabad. 

Press* 

Provinces* 

71 

Annual Jleport of the Punjab 
Veterinary (College, Civil 
Veterinary Depart ineiil, 

Punjab, and the Uovernnn*nt 
(.battle Farm, HiHHar, for the 
j^car 1919-20. Price As. 8 or 
lid. 

Issued by the J)ej>art- 
nient of Agriimlture, 
J^iiijab. 

Government 

].iahore. 

Printing, 

72 

Annual Ueport of tin* Camel 
H[>ocialiHt for 1919-20. 

1 Price As. ,‘l. 

Ditto. 

Ditto 


T,\ 

Wire Worm. N'etennary Hul- 
letin No. 1 of 1920 (Drat is). 

1 )lt 1 o. 

Ditto 


1\ 

List of Horse and Cattle Fairs 
and Shows in t he Punjab and 
Natno States during nH0-2(K 

Ditto. 

Government Printing. 
Punjab, Lahoro 

7o 

Annual Administration Pe])OTl 
of the Civil Veterinary 
Di'partinent, .Madras, for 
1919-20. 

Issued by the Civil 
>Vterinury Depart* 

ment, Madras. 

tTovernment 

Madras. 

P r c 8 s» 

70 

Uepoii. on tlic Working of tlie 
( ^i vil Veterinary Depa i1 ment 
of the fJcntral Prt»vinees and 
llerar during the year J9I9- 
20. Prie<- H. 1. 

Issued by tin- Depart- 
ment of Agrieultnre, 
Central Provinees. 

Government 

Nagpur. 

P r"e 8*8 , 

77 

llepoii of the Civil Veterinarv 
Department, North-West 

Frontier Province, for 1919- 
2<b Priee 11. 1. 

Jshiied l>y the Civil 
Veterinarv Depart- 
ment, North-West 

Frontier Province. 

Government 

Peshawar, 

Press. 

7H 

Report on Hic Civil Veterinar\ 
Ih'iial'tmeiit (iiicludjng the 
Insein Veterinary School), 
Riirma, for the year ending 
.■list March, 1920. iVicc 
IL 1. 

Issued by tin* Civil 
Vetcriiim;v Dopart- 

inent, Riirma. 

Government Printing, 
Rurma. Rangoon. 






PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
ACRICULTURE IN INDIA 


TO BB HAD FROM 

Thr OrricR or thb Aqriooltoual Auvusa to thb Government or India, Puba, Bihar, 

and from ths foUovting A gmit 

(7) THAOKBK k CO., LTD., Bombay. 

(8) SCNUBR PAN DURANG, Bombay. 

(9) Rai Sahib M. GULAB SINGH k 
SONS, Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 
DEPOT, NAoruR. 

CO., BOMBA^. 

A complete list of the publications of the Imperial Department of 
Agriculture in India can be obtained on application froib the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 

These publications are 

1. The Agrimltural Journal of India, A Journal dealing with viibjects connected with 
aRrioultural eoonoinioH. held and ^rden crops, economic plants aiul fiiiits, soils, manures, 
methods of cultivation, imitation, climatic conditions, insect pests, fuiiRiis diseases, 
co-operative credit, agricultural oat tie, farm implements, and other agricultural matters 
in India. Ill iistrat ions, including coloured plates, form a proihinent feature of the Journal. 
It is edited by the Agricultural Adviser to the Governmont of India, and is issued once 
every two months or six times a year. Annual Subtcription, Us. 6 or 9t. 6^., including 
p<MtagA. Single cop?, R. 1-K or 2s, 

2 ^ieiitific Reports of the Agrioiiitiiral Research Institute, Pusa. 

^ Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriciilturo. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Indigo Publications. 

9. Books. 

The following arc tlic jmhiications of the last two years : — 

Scientific Reports of the Agricultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1918-19. Price, K. 1-4 or 2f. 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of the 
Secretary, Sugar Bnrfan), for the year 1919-20. Price, K. 1. 


(1) THACKER, SPINK k CO., Caloutta. 

(2) W. NEWMAN k CO., Calcutta. 

(3) Rai M. 0. SAUKAR BAHADUR k 

SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras. 
(6) THOMPSON A CO., Madras. 

(fl) D. B. TAUAPOREVALA, SONS k 



AORICULTURAL publications— 

Report on the Proj^reu of A((rioultiire in India for the year 1918 ]9. Price, R. 1-8 or 2f. Zd» 

Review of Agricultural Operationa in India, 1919 20. Price, K. 1-4. 

Proceedings of the Board of Agriculture in India, bold at Puaa on the let December, 1919, and 
following days (with Appendices). Price, An. 12 or D. %d. 

PiooeeflingB of the Second Meeting of Mycological Workers in India, held at Pusa on the 
20tb February, 1919, and following days. Price, As- 11 or If. 

Pioceedings of the First Meeting of Agricoltuial Chemists and Bacteriologists, held at Puaa 
on 24th February, 1919, and following days. Price, R. 1 or If. 6ff. 

Pioceedingi of the Firnt Meeting of Voterinary Ofticers in India, held at Lahore on the 
24th March, 1919, and following days (with Appeinlices). Pi ice. As. 8 or 9d. 

ProceedingM of the Third Entomological Meeting, held at Pusa in February 1919. Price, 
Rs. 17-8. 

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 

Vol. X, No. II. Studies in Indian Sugarcanes, No, 4- Tillering or ‘Underground Bi*anch- 
ing, by 0- A. Bawhkr, c.i.r., F.L.fi. Price, R. 4-4 or 7f. 

Vol. X, No. III. Studies in Indian Sngarrane.s, No. fi. On testing the suitability of sugar- 
... cano varieties for different localities, by a system of mpasnreinents. 
Porioilicity in the giowth of the sugarcane, by C- A. Barbek, 
ye !»., p L.H. Price. R. 1-12 or Slf. 

VpL X, No. IV. A Pythium Disease of Ginger, Tobacco and Papaya, by L, S. SuBUAMA- 
NIAM. Price, R, 1-S or 2f. fid. 

Vol. X. No. V. Studies in the Pollination of Indian Crops, 1, by A. Howard, M.A., 

Oabriellk L. C. Howard, m.a., and Abddr Rahman Kuan. Price, 
R. 1-4 or 2f fid. 

Vol. X, No. VI. “ Kuuipta *’ (''otton and its Improvement, by G. L. Kottuk, B.Ag. 
Price, R. 1-12 or 

Vol. XI, No. L Sonic Aspects of tbo Indigo Tiidustry in Bihar. Part I. The Wil 
Diseaso of Indigo. Pait 11. The factors underlying the seed produc- 
tion and giowth of Java Indigo, by Albert Howard, u.i.k., m.a., and 
(lARKiELLE L. HOWARD, M.A., with the assistance of Cuowduary 
Ramdiian SiNoHand MaulviAri>i'r Rahman Khan. Price, R. l-2or2f. 

Vol. \I, No. II. Studies in DisenscH of tho .lute Plant. (1) Diplodia O’orrAorf, Syd., by 
F. J. F. Shaw, d.sc., A.u.r.«., r.L.s, Price, Ks- 2 or2f, 8d. 

A^ol. XI. No. III. Morphology and Parasitism of A,ir<)tfmnuni Penniseti n. sp. (A new 
Disoasi' of Pfitinmturn lyphoidmm)^ by Manokanjan Mitra, M.8Ct 
Price, H. 1-1 or 2f. 


CHEMICAL SERIES 

Vol, V, No. V. The Phosphate Reifiiirements of some Lower Burma Paddy Soils, by 
F. J, Wakth, M.8C., B.sc , and Mahno Po Shin. Price, R. M2 or .3f. .3d. 

Vol. V, No. VI. Absorption of Lime by Soils, by F. J Wartu, m‘.bc.. c.hc., and Mauno 
PoSaw. Price, R. 1-2 or 2.v. 

Vol, V, Nos. Vll A VIII. The Oases of Sw'omp Rico Soils, V -A Methane-oxidizing 
Bacterium fioiii Rice Soils, by P, A. SuRRAllMANYA Ayyar, b A. ; and 
The Oases of Swamp Rico Soils, VI— Carbon Dio\ide and Hydrogen in 
relation to Rice Soils, by W, H. Harrison, n.sc. Price, As. 12 or Ir, 3d. 

Vjl. V, No. IX. The Retention of Soluble Plionphates in Calcareous and Non-calcaroous 
Soils, by W. H. llAKRIhON, D.hC , and SUKENDKA Lal DAS^ .M.8C. 
Price, R. 1 or 1». 4ff, 

Vol. V, No. X. IVindrowing Sugarcane in the North We.st Frontier Province. Port I. 

The Ktfcct on the Kiconoinical and Agiicultural Situation, by W 
Robertson Brown. Part II. The Effect on the (’’omposition of Sugar- 
cane, by W. H. Harrison, d.sc.. and P, B. Sanyal, m.bc. Price, 
As. 12 or b, 

Vol. VI, No. 1. InveHtigalioiiH on Indiuti Opium. No. 1. Non environmental Factors 

intliiencing the Alkaloidal Content and Yield of Latex from the Opium 
J’oppy {Paparf.r nomniftirum)^ by Harold E Annett, d.Sc. (Loud.), 
K.i.i;,, M H.K.A.C., Haki Das Sen, m.sc., and Har Dayal Sinqh, b.sc. 
{In /hti ft?rsis,) 

\'ol, VL No. 11. Investigations on Indian Opium, No. 2, Tbo Effect of Non-onvironmental 

Factor.*! on the Alkaloidal Content and Yield of Latex from the Opium 
Poppy [Papnrfr somni/emm) and the bearings of tho work on the 
functions of Abaloidn in Plant Life, by Harold E. Annett, d.Sc., 
(Lond.), F.I.O., M.s.E.A.u, {In the presM.) 

Vul. VL No. 111. Studies in Soil Moisture, Part I, by B. H. WiLSDON, B.A. (OxoQ.), 
I.B.S. [In the prc9i.) 



BNTOMOLOaiCAL SERIES 


Vol. V, No. V. The nice Leaf-hoppora {Ni^fthoUUix hipvmUUvs, Fahr. anrl Ni^phofHth 
apiflolii, Motaoh.), by O. S. Misua, b.a. Priro, U \ ^ or :)*• 

Vol. V, No. VT. Laniana Ineecta in India. IlcinR the Uoport of an Iiviuiry into the Effi- 
ciency of Indigenous Insect Pests as a Check on the Spread of 
Tjantana in India, by Hao SAHin Y. UA^rA('llAN^)RA lUo, m.a., f.r.s. 
Trie-?, Its. 2-4 or 4#. 6^/. 

Vol. VI, Nos. I— IX. Life-histories of Indian Insects: Microlcpidopteja, by T. llAlNniuodK 
Fr.KTi’HRR, U.N., F.T..H., K.R.S., P./.a. Pricr, Us. 7-8 oV H*. IR 
Vol. Vir, Nos. I & II. New Indian Gall Midpes (Diptera), by K. P. FniT ; and Description 
of a Rhinocyphino laiva from Shillonc:, by Majov. K. C. Frarkr, i.m.s. 
Price, As. 1*2 or Ijf. 

Vol. VII, No. III. Indian Grass Gall Midffos, by E. P. Fkf.t Pi ice. Ah. 1(1 or Ij? 


BACTBRIOLOaiCAL SERIES 


Vol. I, No. VIII. Pebrine in India, by C. IVl. IlrTctllSKON, c.T.P.., n. \. Price, Ks. 3 S, 
or M 

Vnl. I, No. TX. Studies on tlie Hoot Nodule Or^janisni of the Lo^oimiM«)nH Plants, )>v 
N. V^. Josnr, m.sc., b.a., l-a*;. Pric *, II. 1 1 or *2jf. fW 


VETERINARY SERIES 


Vol. Ill, No. II. The Virulence of Tobevclo IhicilU isolato<l from Bovine Lesions in India, 
by A. L. SilBATIlKii, R.sc., M.it.r.v.s. [Tu Ike presa.) 

Vol, III, No. III. Bovine Lyniphanpritis, by A. L. Shrvtjikii, b.Rc. M.u.rvs, (In tha 
press, ) 


BULLETINS ISSUED BY THE AURICULTURAL RBSEARCh 
INSTITUTE, PUSA 


No. 88. 

No. 89. 
No. 90. 

No. 91. 

No. 92. 

No. 93. 

No. 94. 

No. 95. 
No. 96. 
No. 97. 
No. 98. 
No. 99. 
No. 100. 


Cawnpore-Araei'ican Cotton : An Account of Experiments in its Improvemont by 
Pure Line Selection and of Field Trials, 1913-1917, by B. C, BiutT, B.8c., and 
Nizam IJDDIN HaIDKK, Price, As. 10 or D. 

Second Hundred Notes on Indian Insects Price, R. 1-4 or 2s, 

A Malarial Parasite in the Blood of a Buffalo, by A, L. Sueathkh, r.sc., m.r.i'.v 8. 
Price, As. 6 or Id, 

Notes on Practical Salt Land Reclamation^ by G. S. Hbndeuaon, n.d.a., N.d.d. 
Price, As. 6. 

Syiifraniiis laryn^eus in Cattle and Buffaloes in India, by A. Leslie Sukathbr, b.wc., 
M.B.C.V.S., and A. W, Smii-STON. m.h.(.'.v. 8 . Price, As. (i. 

The Orange : A Trial of Stocks at Peshawar, by W. Robertson Brown. Price, 
As. 6. 


A Preliminary Note on the Behaviour in North India of tho 6rst batch of Sugarcane 
Seedlings distributed from the .Sugarcane breeding Station, Coimbatore, by T. S. 
Vbnkatraman, B.A, Price, As. 8. 

A Note on the Treatment of Surm in Camels by Intravenous Injections of Tartar 
Emetic, by H. E. Cross, m.r.c.v.s., n.v.u., a.sc. Price, As. 2. 

A Summary of Experiments on Rice in Bihar and Orissa from 1912 to 1919, by G. C. 
SliERRAliD, B.A. (In the press.) 

Usiilaqo Oarnsri, Koern. on Seiaria Ualiea^ by S, Sunprkakaman, m.a. 
Price, As. 4. 

The Course that Surra runs in Camels when Naturally Contracted and when Artiff. 

cially Inoculated, by H. E. Cross, m.b.c.v. 8., n.v.ii., a.sc. Price. As. 5. 

The Course that Camel Surra runs in Ponies, Buffaloes and other Animals, by 
H. E. Crosr. M.R.O.V.S., D.V.H., A.SC. Price, As. 4, 

Annotated List of Indian Crop-Pests, by T. Bainbrigoe Fletouer, K.N., 

F-M., F.Z.S. (In the press,) 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
INSTITUTE. PUSA— (oowcW.) 

No. 101. Some Insects recently noted as InjuriouB in South India, by T. V. RaBiAKautHNA 
Ayyar, B.A., F.K.B., F.Z.S. {In the preis.) 

No. 10*2. Borers in Siij^arcane, Rice, etc., by T. Bainbkioge Flbtchbb, a.N., F.L8., F.E.s., 
F.Z.8., and C. 0. Ghobu. b.a. ( In the press,) 

No. 103. Some Indian Economic Aleyrodtdie, by 0. 8. MisRA, B.A. {In the press.) 

No. 104. The Rice Leaf-hoppeiH, by 0. H Mibra, b.a (In the press.) 

No. 105. Cotton Bollworros in India, by T. lUiNRhiuoE Fletcher, R.N.. f.r.8. f.z.s., 

and C. S. Mlsiu, B.a. (In the press.) 

No. 106. The Pink Bollworin in Egypt, by Lewis H. Gough, pIi.d., f.e.h. {In the press.) 

No. 107. ExporiinentH in Egypt on the Survival of the Pink Bollworras (resting stage 
1at*vic) in Ripe llamaged Cotton Bolls buried at different depths, by F. C. 
Willoogkh. (7n the press.) 

No. l')H. Some Peats of Cotton in Noi th Bihar, by C. S. Mibua, b.a. (in the press.) 

No. 109. Tukra Disease of Mnlherrv, by C. S. Mihka, B.A. {In the press.) 

No. 110. The Preservation of Wooif against Termites, by T. Bainbkiggb Fletcher, r.n., 
F.L.H., F.K.0., F.Z.8., and 0. C Ghosh. b.a. (/n the press.) 

No. 111. Stored Grain Pesta, by T. Bainbuigge Fletcher, h.n., f.l 8., F.E.S., f.z. 8., and C. C. 
Gho8H. b.a. {In the press.) 

No. 112. Notes on Rearing Insects in ITot Climates, by T. Bainbkiggb FletCHER, R.R., F.L.S., 
F.Z.8. , and C. C. Ghobh, B.A. {In the press.) 

No. 113. Hints on Collecting and Prest^rving Insects, by T. Bainbkiggr Flbtchbb, k N., 
F.L.S., F.E.H.. F.z.8. {In the press.) 

No. 114. The Pieparation and Keproduction of Scientific llluHtratians, by A. W. Slater. 
{In the press.) 

No. 115. Note on Plant Imports into India, by T. BAiNRiaQGE Fletcher, u.n., f.l.s., 
P.R.H , K.Z.8 {In the press.) 

No. 116. A Survey of the Indian Poppy-growing Districts for Morphine Oontont of the 
Opium produced, by H. K. An.nett. ilsc. (Lond.), F.i.e., M.8.E.A.O., Hari Dab 
Sen. m hc.. and Har Dayal Singh, ii,8c. {In the press.) 

No. 117. Exporiments with Castor Seed Conducted at Sabour, by C. Somers Taylor, b.a. 
{In the press) 

No. 118. The Saviiiu <‘f Irrigation Waterin Wheat Growing, by ALBERT Howard, m.a., 
and GabrteLLK li. C. Howard, m.a. {In the pres.H,) 

No. 119. The Agri(5ultural Development of Baluchistan, by ALBERT HOWARD, C.I.K., M.A., 
and Gabriellr L. C. Howard, m.a. {In the press.) 

No. 120. I'he Set urn SminltaneouH M**thod of Inooiilatioii against Rinderpest by W. A. 
Pool, m.k.o v.s. {In the press.) 

No. 121. Notes on Contagions Abortion in Pony and Donkey Mares, by R. Branford, 
m.ro.v.b., ami T. M. Doyle f r o.y 8. {In the press.) 

No. 122. Pusa 12 ’aiid l*op;i 4 in the Central ( iicle of the ITnitc<l Provinces, hy B. C. Burt, 
M.b.K., B HC., K.O.H., Albert Howard, o.i.e., m.a., and Gabrielle L. C. Howard, 
M.A, {In the press.) 


INDIQO PUBLICATIONS 

No. 6. The Effect of Manuring with Superphosphate and Sannai on the Yield of Crops on 
Indigo Planters’ Estates in lUhar—espeoially of Rabi Crops in the Season 1918- 
1919. by W. A, Davih, b.sc., a.c.g.1. Price, As. 6. 

No 7. The Conditions affecting the Quality of the Java Indigo Plant (Leaf yield and richness 
of the leaf in indigotin), by W. A. Davis, b.8c., a c.g.i. Price, As. 3, 

No. 8. Note on the Development of the Indigo Industry in Assam in Conjunction with Tea 
and other Crops, by W. A. Davis, b, 8c., a. c.g.i. Price, As. 3, 


BOOKS 

‘Wheat in India,” by Albebt Howard, m.a., a.r.c.8,, f.l.8. ; and Gabribi.lb L. 0, 
Howard, M a. 288 rp. Price. Ks. 5 or Is. Qd. 

* \ Description of the Imperial Hacteriologioal Laboratory, Miiktesar: Its Work and 
Product.” by Major .1. D. E. Holmee, M.a., d.sc., m.k.c.v.b. Price, As 8 or 9d. 

‘ AgriouHiire in India.” by James M aokenna, m.a., i c.b. Price, As. 4 or fid. 

‘ Rome Diseases of Cattle in India. A Handbook for Stock-owners.” Price. As. 8 or 9ci. 

‘The Importance of Bacterial Action in Indigo Blanufactnre," by 0. M. HOTCHiMSOir, B.A. 
Price, As. 2 or 3d. 
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THACKKR, SPINK k CX)., CALCUITA 
W. THACKER & CO.« S, Cried Lahe, LONDON 

Friom R. 1*a or Two Shillini^ 


Agents for the Sale of Government 

Publications 

IN RUROPE 


OoiMteble k Oo., 10, Omnse Street, LeioeHter 
Square, London, W.G. 

Kegen Paul, Trench TrUbiier k Go., 68*74, 
Garter Lane, R.O., and 25, Miiaeiim Street, 

4 London, W.G. 

liernard Quaritoh, 11, Grafton Street, New 
Bond Street, London, W. 

P. 8. King ft Sons, 2 ft 4, Great Smith Street, 
Weetminiter, London, S.W. 

H. S. King ft Go., 65. Gornhill, R.G., and 
9, Pall Mall, London, W. 

GrindUy ft Go., 54, Parliament Street, 
Tiondon, S.W. 


Liiuo k Oo., 46, GrMt BiumII Street, 
London, W.G. 

W. Tracker ft Go., 2, Greed I^ne, London, 
K.CX 

T. Kieher Unwin, Limited, 1, Adelphi 
Terrace, London, W,C. 

B. H. Blackwell, 50 ft 51, Broad Street, 
Oxford. 

Deighton. Bell ft Go., Ltd., Gamhridge. 
Oliver ft Boyd, Tweeddele Court, Rdinburgh. 

K. Poneonby, Lbi., 116. Grafton Street, 
Dublin. 

Rment Ijeroiix, 28, Rue Bonaparte, Paris. 
Martiniis Nijhoff, The Hague, Holland. 


IN INDIA AND CRYLON 


Tliaoker, Spink ft Co.. Calcutta and SimU. 

W. Newman ft Go., OAloiittA. 

R. Gambray ft Go., Galen tts. 

S. K. Lahiri ft Go., Galcutta. 

B. Bannerjee ft Go., Calcutta. 

1*he Indian School Supply l)ep5t, 909, Bow 
Dasar Street, Oaloiittn, and 226, Nawabpur, 
Dacca. 

Biitterwortb ft Go. (India), Ltd., Galcutta. 

Rai M. G. Sarkar Bahadur ft Sons, 75-1-1, 
Harrison Road, Galcutta. 

The Weldon Library, 18-5, Ghowringhee 
Road, Galcutta. 

Standard Literature Co., Lt<l., Calcutta. 

Lai Ohand ft Sons, Galcutta. 

Higginbothams, Ltd., Madras. 

Ve Kaliyanarama Iyer ft Go., MadraH. 

G. A. Natesan ft Go., Madras. 

8. Miirtby ft Go., Madras. 

Thompson ft Co., Madras. 

Temple ft Co., Madras. 

P. R. Rama lyor ft Co., Madras. 

R. M. Gopalakrishna Koiie, Madura. 

Thacker ft Co., Ltd., Bombay. 

A. J. Oombridge ft Co., Bombay. 

D. B. Taraporevala, Sons ft Co., Bombay. 

Mrs. Radhabai Atmaram Bagoon, Bombay. 
Srnder Fandurang,' Bombay. . 

Qopal Narayan ft Co., Bombay. 

Rambhandra Govind ft Son, Kalbadevi, 
Bombay. 


A, H. Wheeler A Go., Allahabad, Gaioutfa 
and Bombay. 

N, B, Mathur, Superintendent, Naair 
Kaniin i-Hind Press, All ihabad. 

Rai Sahib M. Gnlab Singh ft Sons, Miifid-i- 
Ara Press, Lahore. 

A. Chand ft Co., Lahore, Punjab. 
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SOME COMMON INDIAN BIRDS. 
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T. H.MNimKIfJE KLETOHER. R.N., F.L.S., F.E.S,, E.Z.S., 
Im //'■' i'll Kiilmuoh'nisl ; 


AND 


0, M. TNOLIS, M.R.O.U., F.E.S., F.Z.S. 

Tiik lia])lia55aid niamicr in which vvc arc dealing with oiir 
common ])irds may appear to demand some .sort of apology, hut 
the apparent lack of arrangement is simply due to nothing but the 
relative rate at which it is possible to give suitable illustrations 
of the various birds dealt with, (lencrally s])eaking. it. is necessary 
t.o paint the plate of each feathered friend or foe, with its natural 
leafy or other background, including in many cases its nest and 
eggs, at a particular time of the year, and it may chance for various 
reasons that it is not possible to secure a life-like portrait of any 
particular bird in its natural haunts in f.inie tf* enal)le a plate to 
l)e painted just when it is required. 

The Black Drongo or King C!roAv is one of our most cominon and 
familiar birds, occurring especially i)i all cultivated areas and being 
fond of perching on any suitable upright twig or other support 
from w’hich it can swoop down to secure its prey, either on the 
wing or on the ground. The prey consists almost wholly of insects, 

( 3r>i» ) I 
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and practically wholly of injurious insects, so that this bird is 
most distinctly a valuable ally of the farmer and deserves every 
encouragement and protection. 

The Drongos form a family of birds well defined by their 
black plumage and long forked tail composed of ten feathers. 
Less than twenty speedes occur within Indian limits and these 
are divided into about seven genera, again subdivided into two 
groups according to the relative lengths of the outer tail-feathers. 
In one group, in which tliese feathers exceed the middle ones by 
at least twice the lengtli of the wing, we may briefly notice the 
Larger Itacket-tai led Drongo {Dissenmrus parmJiseus), whicdi occurs 
in practically all the more hilly parl.s of India and Burma, is black, 
glossed with blue, wnth a tuft of feathers o)i its forehead, and 
which has a really fine song and, according to Oates, is perhaps the 
best singing-bird of the East. In the other group, characterized 
by the outer tail-feathers not exceeding the middle ones by so 
much as ilu' length of the wing, we have the genus Dicrurus, with 
an uni.uftiid forehead and a deep bill, comprising about eight 
Indian species, amongst which I), imicrocercm is distinguished by 
its entire pbunage being a deep glossy black and its outermost 
tail-feather exceeding the. middle pair by a distance greater than 
twice the length of the tarsus. The Black Drongo is the 
conmionest bird seen near dwellings in the Plains and any jet- 
black bird, about the si/e of a bulbid, with a long forked tail, 
seen in cultivated areas in the Plains, is likely to be this bird. 
The whole plumage is deep black, everywhere glossed with 
steel-blue, the latter character being -perhaps rather accentuated 
in our Plate, which shows a small white spot which is sometimes 
present at the angle of the gape. Young birds have the wings 
and lower plumage brownish mixed with white, and very old birds 
may be entirely black. 

The specific name ater, under which the Black Drongo has 
hitherto been referred to as a rule in Indian literature, of course 
means black, in reference to the colour of this bird, but it is a feeble 
name to have been bestowed on it, and a name such as audax would 
seem better suited to a bird of this character. Its alternative name 
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of King Crow is probably derived from the fierce manner in which 
it attacks and drives away any crows which approach near its nest 
during the breeding season. Ex(iept for its colour it is not itself 
crow-like either in build or dis])osition. In its nature, indeed, it 
partakes of a good deal of (he piratical, watching from its ])erch 
above until some industrious Hoopoe or Mynah has found a tasty 
morsel of insect food and then swooping down .and robbing t he 
rightful owner with a dexterity evidently only acquinal by a regular 
course of original sin in the line of highway robbery. 'J’he victim, 
if it be a Mynah or similar bird, somet imes shows tight or endeavours 
to escape w'ith its prize, but the Hoopoe is more of a })hilosopher 
and allows itself to bo robbed almost, with impunity, merely ruffling 
up its feathei's and then starting in again to peck away in the 
ground in tln^ search for another grub. ]ji any case the result 
is usually the same, and the Drongo secures the s])oil and flies off 
with it. to its perch. 'Hiis little comedy may be seen enacted daily 
in almost any Indian garden, especially when the Hoopoe has 
young atid is collecting food to take back to the nest, and it is 
noticeal)le tJiat the Drongo only levies just enough toll not to 
discourage its victims unduly and drive them away altogether. 

The. Drongo, however, is by no means wholly a parasite, living 
at other birds’ expense, but. catches for itself the larger proymrtion 
of its food. The lat.e W. Mason examined the contents of twenty- 
seven adult and four young birds at Pusa and Mr. D'Abreu has 
recorded the contents of seven birds at Nagpui-, and t hese records 
show tlnit the food (;onsists entirely of animal matter, practically 
wholly of insects and in an overwhelmijig proj)ortion of injurious 
insects, such as crickets, grasshoppers, moths, bugs, and insect 
larva). ’Phe prey is captured either on the wing or on the ground, 
in which case the bird swoops down upon it and either eats it forth- 
with or flies off with it to its percJi. Mr. Mason gives a long and 
interesting account of the feeding-habits {Iml. A<jriv,. Mem., 
Vol. TIT, pp. 69- -79 ; ,Tan. 1912), whudi we need not reproduce 
here. The Drongo is one of the birds which accompany cattle, 
often perching on their backs, but apparently rather for the 
sake of the grasshoppers and other insects disturbed by the 
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movements of the animals than for the sake of the flies which 
annoy them. It is also a regular visitor to ploughing operations, 
perching on upstanding clods or other convenient ventage-spots, 
and y)icking up cutworms and other insects exposed hy the plough. 
As Mason notes, however, “ he is hy no means active on the groutid 
under the best circumstances,” his long tail, wdiich serves so well 
as an organ of flight, seeming to get in the w'ay when on the ground. 
It is noticeable that the Drongo never hunts on the ground for 
insects, but always watches from some convenient perch, sw'ooping 
down to capture insects seen on the ground. The llrongo is 
naturally a pugnaciotis and fearless bird, attacking without 
hesitation birds much larger than itself. At the breeding-season 
its natural pugnacity is much augmented and it. drives away any 
bird, especially crows, which dare to approach t he tree in which 
its nest is ])laced. As noted in our last paper, the Indian Oriole 
frecpiently builds in the same tr(‘(^ as the Drongo, the latter thus 
serving to j)rotect the Oriole's nest as w'^ell as its own, ami at the 
moment of w'riting these hues there is within a few yards of my 
bungalow a sinsii tree in which a pair of Drongos and of Indian 
Orioles have each a nest njuite close to one another. A pair of 
Jungle Crows commenced the nesting-season by building in tlie 
topmost branches of the same tree, but now t hey dare not 
ap])roach it and prctbably the young crows have flown by now in 
any case. Drongos sometimes tight amongst themselves and 1 
have seen a couph' so intent on squabbling on the ground that a 
jackal w'as able to run up, knock them both down w'ith its 
forepaws and carry t hem off. 

The nesting-season of t.he Black Drongo is from April to August 
but May is the usual time in Bihar. The nest, wdiich is a broad 
shallow cup. is usually placed fairly high up in a tall tree in some 
fork of a branch not quite on the outside of the tree ; it is composed 
of small tAvigs and stems and roots of grass, neatly and tightly 
fastened together, and bound around on the outside Avith more 
or less cobweb, in which a feAv feathers are sometimes entangled. 
The cavity is broad and shallow, about four inches broad by 
one and a half ,deep, and lined Avith horse-hair or fine grass 
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sfcnis or roots; tlic bottom of the nest is very thin, Initthe. 
sides are rather thick and firm. Four eggs is the normal number, 
but there may be three or five at times. The egg is either 
dull pure white without markings or pure white sparsely spotted 
with deep blackish brown ])ure ereauiy pink blolilied with 
reddish-brown to deep saJn>on-])ink bJotelied with elaret-coloiir ; 
it is noticeable that all the eggs of one clutch neai-ly always 
seem to belong to one or other of these tv})es but 
Mr. ('. M. Inglis has foiuul a cliitcli with two white eggs and 
one spott(!d one ; the average size of the egg is about 25 mm. 
long by 10 mm. broad. 

The Drongo is protected by law througlioul tin* whole year 
in Delhi, the United i’ntvinces, liei gal, Assani, and Durina. 
It is, as already remarked, a mostusefid bird which d(*serves eve-ry 
protection and enconrageiueut. Tlie latter aim can be. attained, 
in t.he case of cultivated areas, by the provision of suitable perclies 
for the birds to rest on. 

This Drongo has loJig been knowji to Indian ornithologists 
as Divnvnis uler but its correct name seems to )»e Dicnintii 
maciwcrcui-t, Vieill. ; it is divided into four racers, of which the try])ical 
one, D. luaciocei'CHS iiuicroccrcus, ranges throughout Jndia t.o I, he 
foothills ttf the Himalayas ; the Him.-ilayan form, J). niacroccrcuts 
(ilhirkldn, ranges from the Himalayas to the Northern (.'hin Hills ; 
tihe Jiiirmese subs 2 )ec‘ies, D. imcrweixas cdthoccus, is found in 
Burma, (Siam, and South China; and the southern form, D. 
wacrocermn minor, occurs in Ceylon and doubtfully in Tjavancorc. 

It is on the wing until well into the dusk and is one of the 
earliest birds to call in the morning and may a.t times be heard 
tlu'oughout the night. It has a variety of jiotes and is a.n excellent 
mimic. Donald records that he has heard one imitate a a/ulcra 
(A. hadiiis) so as to frighten away a j)air of Mynahs and thus 
secure a wtu’m which they had caught. 

Mr. C. M. Inglis has seen one chase a Laggar Falcon {Faloo 
jugger), but in this case the tables were turned, for the falcon 
stopped in its flight and the Drongo shot ahead and was captured 
by the falcon. The smaller bird in our plate is shown attacking 
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one of these falcons which had approached its nest, shown on a tree 
in the background. 

Although the Black Drongo is so pugnacious and intelligent, 
it is sometimes imposed upon by the Drongo Cuckoo (Surniculm 
luffubris), a laid which is ilself most remarkably like a Drongo in 
general appearance and which lays its eggs in Drongos’ nests. 



A PRELIMINARY CLASSIFICATION OF THE WILD 
RICES OF THE CENTRAL PROVINCES 
AND BBRAR* 
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RUDHIK CHANDRA ROY, L. Ac., 

Economic liohtninl ainl Offff. Exlm Anninlool Dircclor of 
Atjiicullni'c, Gciitrol I‘iovinceii. 

Introduction. 

Tun iiivcsl iguiions described in tins paper form part. o£ the 
\v(»rk undertaken l)y Dr. R. J. D. (Jraliam and mysell during tlie 
years nH4 to J920 in connection with the multiplicity of forms met 
with in the ordinary cultivated rices and tlie amount of crossing 
taking place in the same. The earlier results of these d(uiling 
witli the classification of the cultivated ri(;cs of the (Jeutral 
Provinces and Berar are to bo found in the Memoirx of the 
Tteparlmeut of Afjric/iiJtnre {Botanical Series, Vol. VJ, No. 7) by 
Dr. (Irahani. The present work was undertaken later on 
to investigate the character and nature of the wild rices found 
growing in the “ nalas ” and waste, lands of these provinces. 

The economic importance of the. study of wild rices may be 
said t o be twofold : (1) They form an important Aveed in the rice- 
growing areas of the Central ITovinces and have often been the 
means of heavy h)ss to the cultivators ; (2) they are a frequent 
source of con<,amiuation of the cultivated rices through casual 
mixture and natural crossing. 

The varieties commonly met with in these parts have been 
fully described in this paper and an attempt has been made at their 
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classification in order to facilitate, as much as possible, their 
recognition in the field. 

Seeds of over 100 different samples of wild rices were obtained 
from all the districts of these provinces mainly through the help 
of the district officers and were sown on the College Kami, Nagjmr. 
In most cases, except where whole cars were available, the samples 
were found to be mixture of varying pro])ortions of the difierent 
types of wild and cultivated rices. By single plant selection, 
cars of 53(5 individual plants were collected separately and line 
cultures easily obfained. It is hoped f.lierefore that as many l.ypes 
as probably occur in these parts have thus been obtained and 
isolated. 

00CUHREN(1E. 

The wild rices are. fountl growing in prac tically all the rice- 
growing tracts in f.Jie Ontral Provinces, but are found more 
abundantly in Paipur, Bilaspur, Balaghat, Seoni and ('handa 
Districts. 'I'liey generally grow on the margins of tanks, rice fields 
and other marshy or low-lying places, not actually submerged but 
which contain enough moisture to carry tJiem I hrough the season. 
The wild rices growing in tanks are iisually tall, liaviug (he power of 
adapting themselves to tlie depth of water in which t hey grow, 
and their grain lakes longer to mature. In the C'entrsil Provinces, 
the (londs anti Dhimars harvest this rice by 'tying the plants 
togetlicr into clumps and thus prevcjiting the grains from fallijig. 
These grains have also got a certain demand in the market as they 
are often used by devout Hindus in Ihese parts on fast days besides 
being sold to the poorer classes. 


ClIARACTEUISTIC FEATURES OF THE WILD RICJES. 

Mor])hologically tiu're is very little difference between a wild 
and a cultivated rice but generally speaking it may be recognized 
by *he spikelets having -dark red grains inside, by the presence of 
long stout awns which are red, scarlet or green in colour, and lastly 
by its characteristic nature of shedding the spikelefs in green stage, 
long before they appear to have become perfectly ripe. This habit 
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in the plants involved considerable difficulty in collecting the grains 
for seed purposes, and each plant had to be carefully examined every 
morning to make sure that the grains would not drop off during the 
day. It was, however, found very useful to tie a piece of thread 
all round the ear, particularly the awns, so that, even when gett ing 
loose on ripeniug, the grains were held up in a mass by the thread 
and prevented from falling. The ripe grains in many of the 
varieties sometimes develop a peculiar light, black or ashy (-olour to 
which tlie name of " wild ” typo oolour has l)eo.n given in those 
pages. This colour is not generally found oil cultivated rices and 
is a special feature of a number of vari(‘.t.ies of the wild ones. 

The awned wild rices seem to agree with Oryza mlim var. 
fataa I’rain. A wild rice fiom Rai])ur with a dirty white grain 
and an awnless wild rice fiom Hhandara appear to be culti- 
vated rices run wild. VV'att records the discovery by Duthie of 
()ri/Z(i ojficinulis Wail. (syn. (). lo/ifoha Dcsv.) in Chanda. This 
wild rice differs from the others in having multi-veined leaves. 

The popular beti(*f that a cultivated rice if not looked iifter 
properly, i,e., with regard to t.raiisplanting. nursery -sowing, etc., will 
become converted into a wild rice Avithin three years and rice remt, 
a])pears to be extremely doubtful. The wild rices had been grown 
on the Nagpur farm for the last seven years exactly under i'ulli\'ateil 
conditions, i.e., sowing in nurseries and transplanting them like 
ordinary cultivated rices, and yet they havii apparently retained 
all the features, habits and characteristics of the wild rices, riz.. 
the shedding of the graijis, red awns and so forth. The cult ivated 
ones which had aj)parently run wild could also be very easily idemti- 
lied by the absence of the above-iueiitioued characters wit.hout 
mu(;h difficulty. The occurrence of the Avild rice called fund, 
the grains of Avhich do not fall, mixed with many <tf the cultivated 
varieties, suggests the ocruri'ence of natural ci'oss-fertili/.ation 
between the Avild and the cultivated forms. 

Pollination. 

The normal pollination in Avild lices is lather a little different 
from that of the ordinary cultivated rices. In the latter the glumes 
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open out between 8 and 9 o’clock in the morning and remain open 
for about half an hour only and then close up. The pollination 
generally takes place inside the closed glumes, the anthers bursting 
either before the opening of the glumes or just at the time of opening. 
Consequently self-pollination is the rule. During a period of 12 
years’ work on the cultivated rices at Nagpur, only one instance of 
natural crossing was found to occur. In wild rices, however, it is 
different. The glumes open out between 8 and 9 a.m. as in 
cultivated rices, but remain open for a longer period, about an hour 
or so, and the anthers do not burst till they get slightly warmed 
up by the heat of the sun, for about two to five minutes. The 
stigmas come out immediately on the opening of the glumes and 
remain expanded on either side. The anthers extrude slightly 
above the glumes and remain in that position for some time and 
then fall over and assume the pendent position. Occasionally 
they do dehisce before falling over, and self-pollination takes place 
directly, but, as a rule, they do not dehisce till about two to 
five minutes of the opening of the glumes. During this period 
the chances of cross-pollination are certainly considerable 
and hence apj)arently the much higher percentage of crossing 
met Avith in the wild rices than in the ordinary (“ultivt^ted ones. 

It has been noticed, hoAvever, that all the anthers of a floAver 
do not alw'ays assume the pendent position, (lenerally one, rarely 
tAvo out of six anthers are alAvays found to reniain sticking inside 
and never come out. These also dehisce along with the other aidhers 
and ensure the pollination of the stigmas if they have not been 
already pollinated. It may be noted, however, that the tij)ic of 
opening of the floAvers and its duration depend to some extent on 
the tempeiature. If the weather is comparatively cool and the 
temperature low, the floAvers open at about 10 o’clock in the morning 
and the glumes remain open for a longer period. 

Natural crossing. 

On working out the above mentioned collection of wild rices 
by single plant selection (the outturn in each case being from one 
single ear) it w^as found that, though the majority of the lines bred 



WILD RICES OF THE CENTRAL PROVINCES AND BERAR 369 


true, some of them showed distinct signs of splitting, inoving the 
sele(;ted plants to have been heterozygotes. Besides, a few of them 
split into a number of vsiried forms, sometimes into as many as seven 
different varieties. 'Phis indicated ilie enormous amount of crossing 
and recrossing that had already taken place in them, with the 
result t hat forms appeared in the progeny wlihdi apparently had no 
resemblance whatsoever with the parent. More often cases of 
simple crossing were also detected, the progeny splitting more or 
less in Mendelian proportions of 3 : 1. J^’or instance, in 1910 seeds 
of a single ear with hlack inner glumes were sown in a line and it 
was found to be splitting into 48 plants with black glumes and 
14 with straw-coloured glumes, roughly in the proportion of 3:1. 
(For the sake of convenience*, the original plant, which proved to be 
heterozygous, will be referred to as F, and their progeny as F^, 
F:), etc.). The ones with straw-coloured glumes, on sowing again 
in their F,., generation, bred true to the ty])e and produced only 
plants with straw-coloured glumes, showing appii,rently the recessive 
charact er ; while the " blacks. ’ on the other hand, behaved in their 
F, geneiation : some as pure dominants breeding true “ blacks,” 
others, as segregating hybrids, splitting again into black and straw- 
colouied glumes. Here the black colour, in the inner glumes, 
showed dominance ovei- the straw colour, as has also been shown 
to be the case in the cultivated rices by Mr. rarnell.' xVs these 
e.xperiments, however, were not really intended for the working 
out of the Mendelian characters, the seeds of all the plants in the 
F.. generatioji were not sown the iie.xt year but only a siiiall 
prt»portion taken up just to get an indication of the nature of the 
segregation taking place in these, i.c.., the behaviour of the 
heterozygotes as well as that of the recessives. Instances of crossing 
of four unit characters such as red leaf-sheath with spikelets 
clustered and green leaf-sheath with spikelets not clust ered were also 
obtained giving all the four forms in different combinations, such as 
(1) plants with red leaf -sheath and spikelets clustered, (2)' plants 
with green leaf-sheath and spikelets clustered, (3) plants w’ith red 
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Icaf-sbeath and spikelels not clustered and (4) plants with green 
leaf-sheath and spikelets not clustered. Owing to the ineagreness 
of the number of plants obtained in these, the proportions of 9 : 3 : 
3 : 1 were not very clearly demonstrable. 

The following table gives the results of the F- generation of 
some of t he natural crosses obtained in the wild jiees during the 
years 1917 to 1919. 

Tabljs 1. 


Coloumt (red) and green Jetij-sheaLh. 

Onujii <»f juirciit 

J?oloJi*i)ce No. 

lU‘d plants 

(tiTifii jilants 

Natural crosh 


15 

5 

Ditto 

MU 

:m 

S 


Do C 

Jo 

7 

Ditto 

o;{-J) 

s 

5 

J)jtl( 

OJ-D 

5 

o 

Jlitto 

7d-D 

7 

5 

Ditto 

Nl D 

5 

2 

Ditto 

S7 V ' 

2S 

() 

D'io 

1 

78 C 

\ 

1 

Jlitto 

:i(i B 

15 

() 

Ditto 

iDi-D 

1 

10 

Total 

DALri'LATEI) 

1 

1 

: : 1 

]57 

loT'oO 

55 

r)2-50 


Kroin t he above iigures it will be seen that the eharacter of tlie 
coloured leaf-sheath, iiTespcetivc of the actual amount of shade of 
red and jmrple in it, behaves as the dominant character to that 
of the green leaf-sheath, and splits in the Meudelian proportions of 
3’1.' A few instances have also been obtained of the same 
characters giving approximately a 9 : 7 ratio, as shown in Table II, 
bearing out the “ presence and absence hypothesis but such 
instances were very few, the 3:1 ratio being by far the more 
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coramon. Moreover, the nurahers also are too siuall to permit of a 
defithto interpretation but may possibly indiciite a 9 : 7 ratio. 


Tabi.e JL 

('olourcd ftnd qrrrn Iraf-sJirdlh . 9 ; 7 


On^'in immit 

No 

Jtcil |)lnnts 

({rDrn 

Ndiiiral irt)S!- 

."id A 

Hi 

12 

J)j11o 


\:\ 

•I 

Ditto 

2<i A 

14 

HI 

n\)TAL 


4:i 

:il 

(’Al.('nL\TKI) 

SI : 7 

1 

41 -(ill 

i 

:i2:i7 


The eharacteis of tlie black and straw-coloured inner glumes 
(if tlie. ripe grain also furnish materials for the demonsf.ration 
of the 3: I ratio. Table 111 gives below the counts made in a 
number of lines for black and si raw-coloured ripe grains indicating 
segrcigation for a single factor only. This is in accordance with the 
results obtained by Mr. T*a.rue.]l at (Vumbatore in the cultivates! 
i'ices where onlv oiie iactor was involved. 


Table JiJ. 

Bind: slrnn'-colovref] (irain^. 


(Irij^iii of jmmit 

1 

lU'fcrciico No. 

1 

BInck 

Stra w 

Nat uni cross 

:n-B 1 

I :5I 

11 

Ditto 

:u 15 

i- 

1 

Ditto 

:5S-i; 

11 

14 

Ditto 

SISI- )5 

24 

12 

Ditto 

titi A 1 

1 

4S 

14 

1 

Ditto 

SS 1) 

2S 

11 

Ditto 

HMI-D 

lo 

4 

Total 


1SI8 

(io 

1 

tULfULATED ; 

:5 : 1 

J!l7-2.5 

, ! 

(;r,-7r' 
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However, enough evidence has been obtained to show that 
natural cross-fertilization takes place more freely in these than in 
the cultivated rices. Out of 281 single line cultures sown in 1910 
from individual ears, 3.5 lines were actually found to be splitting. 
In addition, from apparejitly pure lines breeding true for at least 
two previous geiu'.rations, a certain numl)cr of instances of 
undoubted (*rossing was detected. 

Table TV below gives figures indicating the actual ainount of 
crossing fhat lias taken place in the pure line cultures of the wild 
rices on the Nagpur farm during the years 1917 to 1920. 

Taulr IV. 


Awoniil of nnlnrnl n'ossiuij. 




('f pun 




Year 

liucH from 

Number of lines 

Percentage 


, liidivuiiial 
plant.'. 

sphttiui; 

of cwHsing 


lfM7 

i 90 

S 

S‘S 


IlMS 

97 

5 

5-1 



52 

1 

7*7 


J))20 

to 

5 

12-5 


Total 

279 

1 

22 

7 ’9 ])fr 


Tt will be seen from the above figures that the amount of 
natural crossing taking place in the wild rices grciwijig in adjacent 
lines, on an average, comes to abtiut 7‘9 per cent. 

The following characters have been found to behave .as 
Mendelian units in the wild rices : The green or red colouring of 
tlie leaf-sheath, black or straw colour of tlie ripe grain and the 
clustering or non-clustering habit of the spikelets ; and of these, 
the characters of the coloured leaf-sheath, the ripe black grain and 
tlie clustered spikelets have been found to be dominant and 
segregating characters. 

hlCONOMIO ASPECT. 

The wild rice or harga, as it is called in these parts, forms a 
most obnoxious weed in the rice lands, and owing to its close 
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resemblance to the ordinary cultivated rice, except when flowering it 
becomes extremely difficult to get rid of. As already stated, its grains 
fall off very qui(!kly, long before they appear to have become quite 
ripe and remain on the ground without germinating till the next 
monsoon season when the itargu again makes its appearance wit.h 
the sowing of the ordinary rices and thus becomes indistinguishable 
from them. The uprooting of it results in a considerable portion 
of each plot being left without a crop and in the final outturn 
being reduced to that extent. In the (^hhattisgarh tracts the 
amount of loss due to this is sometimes said to be so greii,t as to 
reduce the outturn of rice by .50 per cent. Besides, as already 
stated above, the occurrence of the grains of a wild rice, lari or 
larra as it is called, in many samples of rice received from 
Baijnir, together with the fact that the presencje of lari iii a 
rice Held is held by the cultivators to hiad to the deterioration »)f 
the crop, naturally suggests the occurrence of nat.ural ci-oss- 
])ollination between a wild and a cultivated rice. 

Since t he publication of the classiftcation of rices by J)r. Graham 
only one iiLstance of natural crossing has been found to have occurred 
ill the cultivated rices at Nagpur between a red grained and a white 
grained variety. Mr. Hector in BengaB and Mr. Parnell in Madras 
have estimated the amount of natural crossing in cultivated rices 
to occur to the extent of 4 per cent, and up to 2'9 per cent, in their 
respective provinces. The occurrence of cross-pollination with 
greater frequency in the wild rices in the ('Cntral Provinces is 
probably due, as already mentioned above, to the anthers 
deliiscing sometimes after the opening of the glumes and also to 
some extent to the longer period that the glumes remain open and 
the stigmas exposed. 

The best method that could be adopted to get rid of these 
wild forms from a cultivated rice fleld, is to grow some coloured 
rice (preferably nag kesar — the purple rice) in the fields which show 
an abundance of karga or wild rice. This rice, being purple all 
over, will allow all the green rice plants to be uprooted without 
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any loss, and if the weeding is done carefully the land will become 
quite free from hircja next year. Tlie other alternative would be 
to keep the land bare of aiiy crop for a period of six to eight weeks 
after the starting of the monsoon. During this period, however, the 
seeds of the cultivated rices should be sown in seed beds in a field 
wJiicIi is knowji to he ahsolut(*ly free from any hirfia. Tn about 
six to eight weeks t hese seedlings would be ready for transplanting 
and the fallow fields, which by now must have got all the harffu 
seeds germinated and grown up, should be thoroughly ploughed so 
as to uproot all the kanja plants growing on them. These may 
then be collected and destroyed and the land should be well 
puddled. This will ensure, to a considerable extent, the destruction 
of the wild varieties and the croj) of rice following will be moie or 
less free from it. 

( h.ASSIKIt'.VrTON. 

The characters ma.de use of in the classification of the wild 
rices are mainly t.h(»se of tJie Icaf-sheaths whicli may be green or 
coloured, of th(^ peduncles f)f tlu‘ inflorescence which may be exserted 
from the last leaf (flag) or enclosed by it, and of the colour of 
the inner glumes of the spikelets both when unripe and ripe. A 
peduncle is said to be ''enclosed ’’ when the lowest branch of the 
inflorescence is within the leaf-sheath of the flag (/.c., the last 
leaf) and ‘‘exserted" wh(>u the lowest braucJi, easily recognized 
by its com])lete ridge of ciliate hairs encircling the stem 
below the bra,ncli. is fna* from the leaf-sheath. As regards 
the coloured leaf-sheaths, there are also t wo ty])es : (1) red 
and (‘2) purple. If we take tlie - extremes of t hese, the two 
•types are certainly distinct, from each other, but, as is 
usually the case, the t.wo colours gradually grade into each 
other and then it becomes extremely diflicult. to draw a line of 
demarcation bt*tween the tw'o. For the p\irpos(‘ of this paper 
they have been grouped together as leaf-sheath red or purple 
i.i the. key but have been distinguished in their res])cctive colours, 
wherever possible, in the description of the types. Mr. Parnell has 
described this colour throughout as purple, but the actual 
appearance, as he says, varies according to the concentration of the 
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pigment, and the colour of the tissues in which it is present. In tliis 
paper it has I>een referred to throughout as red, unless, as mentioned 
before, it sliows a very distinct purple (colouring. With regard to 
the colouring of the glumes, it has been found that in the earlier 
stages, the unripe glumes develop a certain ooloiu’ which, on the 
ripening of the grain, turns into quite a different one altogether. 
This holds good for almost all the varieties described. The colour 
of the unripe glumes also varies considerably in difierent types. 
For instance, the glumes, at first green, may often get a dark blackish 
broAvn colour developed in them, more especially in the furrows, 
and after some time, as the; grain ripens, often turn into a 
brown or a deep black colour. The swelling immediately above the 
node has been described, according to Mr Parnell, as the pulvinus, 
and the region joining the lamina and the leaf-sheath has been 
described as the “ jumdion " either of the lower leaf or of the flag. 

Ahtift('i\l key to the types. 

1. Leaf-sheath green. 

(d) Ripe grain black. ' 

(i) ( Jlumes green when unripe. 

t drain light black (wild tyj)e). 

* Ears enclosed erect approximate. Type 1. 

* Ears exserted ei’ect spreading. Ty])e 2. 
t drain deep black. IVpe 3. 

(ii) dliimes with dark furrows when unripe. 

t Ears spreading. 

* Plants with spreading habit. Type 4. 

* Plants erect not spreading. I’ypp 5. 
f Ears not spreading. Type 6. 

{h) Jlipe grain brown. 

(i) (41 nines dark brown when ripe. 

f Ears spreading. Type 7. 
t Ears not spreading. 

(ii) dlumes light brown when ripe. 

* Ears exserted erect spreading. Type 8. 

** Ears exserted curved approximate. Type 9. 

(c) Ripe grain straw coloured. Type 10. 


2 
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2. Leaf-slieath red or purple. 

(a) Ripe grain black. 

(i) Glumes green when unripe. 

t Grain light black (wild type). 

* Ears exserted curved spreading. Type 11. 

* Ears enclosed erect approximate. Type 12. 
f Grain deep black. Type 13. 

(ii) Glumes with furrow's when unripe. 

f Glumes with dark furrows. 

* Ears exserted erect spreading. Type 14. 

** Ears exserted curved lower branches sub- 
erect. Type 15. 

■f Glumes with browm furrows when unripe. 

* Ripe grain light, black (wild type). 

(A) Plants with spreading habit. Type 10. 

(B) Plants erect not spreading. Type 17. 

* Ripe grain deep black. 

.(i) Ears exserted. Type 18. 

(ii) Ears enclosed. Type 10. 

(iii) Glumes suffused w'ith red wlnm unripe. 

'Pype 20. 

(b) Ripe grain brown. 

* Ears e.xserted curved spivadi ng. Type 21. 

* Ears exserted erect approximate. Ty])e 22. 

(c) Ripe grain straw' coloured. 

(i) Ears enclosed erect approximate. I'yp® ‘-3- 

(ii) Ears exserted curved approxiiuate. 'Pype 24. 

Description of types. 

1 . Leaf -sheath green. Pulvinus and leaf junction green. ^ Ears 
enclosed erect approximate. Glumes green when unripe 


* The pulvinuB and the leaf junction have invariably been found to be green in plants 
with green leaf -sheath, and hence have not been further described in the case of other green 
plants. 
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turning wild type. Awns short but complete green. 
Apiculus green. 

2. Ijeaf-sheatli green. Plants very spreading, dwarf. Ears 
exserted erect spreading. Glumes green when unripe 
turning wild type when ripe. Awns full green. Apiculus 
green. 

.3. Leaf-sheath green. Plants very spreading. Ears exserted 
erect spreading. Glumes green when unripe tiirning black 
when ripe. Awns full, green. Apiculus green. 

4. Ijcaf-sheath green. Plants spreading. Kars exserted erect 
spreading. Glumes with dark furrows when unripe turning 
brownish furrows, finally ripe black. Awns full, green. 
Apiculus green. 

/>. Leaf -sheath green. Ears exserted erect spreading. Glumes 
with slight furrows when unripe turning black. -4wns short 
but complete green. A])iculus green, 
fi. Leaf-sheath greeit. Kars exserted erect approximate. Glumes 
with diffuserl furrows when unripe turning black when ripe. 
Aw'us full, green. Apiculus green. 

7. Ticaf-sheath green. Plants at first erect, turning spreading. 

Ears exserted erect spreading. Glumes with furrows 
when unripe turning brownish furrows finally ripe brown. 
Awns full, green. Apiculus green. 

8. Leaf-sheath green. Plants stout. Ears exserted sub-erect 

spreading. Glumes green w'hen unripe turning light brown. 
Awns — ^tips only. Apiculus green, 
fi. Leaf-sheath green. Ears just exserted curved approximate. 
Glumes with faint furrows when unripe, turning 

light brown when ripe. Awns — ^few' bristles. Apiculus 
green. 

10. Leaf -sheath green. Ears enclosed sub-erect lower branches 

erect. Glumes green when unripe turning straw when ripe. 
Awns — ^long bristles, green. Apiculus green. 

1 1 . Seedlings red turning — 1st, 2nd and 3rd sheath red, pulvinus 

green, leaf junction green, flag junction also green. Kara 
exserted curved widely spreading (branching at right 
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angles). (?Iuines green when unripe turning wild. Awjis 
full, red. Apiculus red. 

12. Seedlings dark red turning— 1st., 2nd and 3rd sheath red, 

pulvinus dark red. Stem tinged below node, leaf junction 
])lack, midrib white, flag junction black. Ears enclosed 
erect a})proximate. Glumes green when unripe turning 
wild. Awns short but complete, scarlet. Apiculus red. 

13. Seedlings dark red turning- Ist, 2nd and 3rd sheath red. 

Plants spreading, pulvinus green, knee shaded, faint red 
ring above, leaf junction white, edges faintly tinged, flag 
ordinary green. Ears exscrted erect spreading. Glumes 
green when uiuipe turning black. Awns full, red. Apiculus 
red. 

14. Seedlings red turning — 1st, 2nd and 3rd sheath dark red. 

Plants sj)reading, pulvinus shaded, red ring above and lielow, 
leaf junction with midrib red and edges white, diffused 
purple above and below, flag ordinary green with diffused 
purple colouring all over the lamina. Ears exserted erect 
slightly spreading. Glumes green when unripe turning 
diffused furrows finally ripe blat-k. Aavus full, red. Apiculus 
red. 

15. Seedlings dark red turning faintly red turning again into 1st, 

2nd and 3rd shcatli pinkisli finally fading, leaf junction 
white, faint red lijie al)ovp, flag ordbiary green with a faint 
red line abrtve. Ears exsertod curved lower branches sub- 
erect. Glumes Avith dark furrow's when unripe turning black. 
Awns bristles, red. Apiculus red. 

16. Seedli]\gs dark red turning — Ist, 2nd and 3rd sheath red. 

Plants very spreading, pulvinus dark. Stem tinged below' 
node, leaf junction white, flag ordinary. Ears exserted 
erect approximate. Glumes w'ith furrow's wdien unripe 
turning brown furrows finally wild. Awns full, pink. 
Apiculus red. 

17. Seedlings red turning— .sheath tinged. Plants dwarf, pulvinus 

green, faint red ring above and bcloAv. Stem tinged below' 
node, leaf junction ordinary green. Ears Itardly exserted 
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erect- iipproxiiiiate. (»liimes with faint furrows when unripe 
turning wild. Awns red, short but complete. Apiculus red. 

18. Seedlings dark red turning— 1st, 2nd and 3rd slieatli dark red 

spreading, pulvinus sliaded, witli distinct red ring above and 
l)elow, leaf junction ivith inidril) red and edges white, and a 
dark line above and below, flag ordinary, green with a red 
line a})ove, leaf margins purple. Ears exserted erect 
approximate, (flumes with brownish furrows when unripe 
turning ripe black. Awns short but complete, scarlet. 
Apiculus red. 

19. Seedlings red turning — Isl, 2n(l and 3rd -sheath dark red, 

pulvinus shaded, with a faint led ring above, leaf junction 
white. Ears enclosed sub-erect approximate, (flumes green 
wheJi unripe turning brown furrows finally ripe black. Awns 
red, short and complete. Apiculus red. 

20. Seedlings t-inged- -1st, 2nd and 3rd sheath red. Plants small, 

very spreading, leaves purple, pulvinus shaded, red ring 
above, nodes dark r(‘d, stem tinged below node, leaf junction 
faintly tinged outside with midrib white, flag junction white, 
red line above. Ears exserted erect slightly spreading at 
first, turning a])proximate. Inner glumes suffused with red 
when nnripe turning w'ild, apiculus Jed, outer glumes red. 
Aw'us short but complete, scarlet. 

21. Seedlings red turning— 1st, 2nd and 3rd sheath purple, 

pulvinus shaded, leaf junction white, faint red line above 
iuid below', flag junction also wdiite with diffused red above 
and below^ Eai's exserted slightly curved spreading. 
(Humes with brown furrows when unripe tuining jipc brow'ji. 
Awns— few bristles. Aniculus red. 

j. 

22. Seedlings dark red turning 1st, 2nd and 3rd sheath purple. 

Leaf margiji purple, pulvinus shaded, knee dark, leaf junction 
white, edges dark Avith faint red line above, flag junction 
AA'hite also Avith a faint I'ed line aljove. Ears exserted sub- 
erect approximate, (flumes green Avhen unripe turning 
broAvn furrows finally broAvn. Aaviis red, short and complete. 
Apiculus red. 
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23. Seedlings dark red turning — 1st, 2nd and 3rd sheath purple, 

leaves purple, pulvinus shaded, knee dark, leaf junction white 
with dark lines above and below, flag white with a dark line 
above. Bars enclosed erect approximate. Glumes green 
when unripe turning straw. Awns — ^few, short bristles. 
Apiculus red. 

24. Seedlings dark red turning— -1st, 2nd and 3rd sheath dark red, 

finally purple, leaves diffused with purple, pulvinus green, 
with a red ring above and below, leaf junction white with 
diffused purple above and below. Mag white having a purple 
line above and below. Ears exserted curved approximate. 
Gluiiies green when unripe turning straw, outer glumes 
tinged near base : awnless ; apiculus red. 

' Tlie types described above are the ones generally met with in 
these provinces, 'fhere are a few sub-types as well which however 
differ so very slightly from the main types that it has not been 
considered necessary to include them in this list, each of them being 
easily referable to one or other of the main types. 

1 would like t.o t^tke this opportunity of acknowledging my 
indebtedness to Mr. K. Shrivastava, Offg. Economic Botanist, 
for the kind help and valuable suggestions given ))y him during the 
compilation of this paper. 



KUimiEK NOTES ON THE EFFECT OF CEirrAlN CLIMATIC 
CONDITIONS ON THE CYANOtlENESIS OF JOWAIt 

(A NJjiiOPoaoN soitau um ) . 


UY 

MANMATHA NATH (HI USE, M.A., 

Atini-sUtKl Pjo/idsor oj find Phtffitcii, labour Ayi'iculliDul 

OwiNO to the iiiiportancc o[ jo imr as one of the main fodder 
ii‘op,s in India, it is of great interest to ascertain the conditions 
under which it j)roduces or retains an excessive quantity of 
hydrocyanic acid. Leather^ appears to have interested himself in 
the work as early as 1909, l)ut as he did not get any appreciable 
quantity of the poison in the crop that he grew, he apparently 
discontinued the work. Since then some work on this subject has 
been done at Sabour, the results of which have been published in the 
journals.® A large amount, of work has been done in America, 
notably by Willaman and West® who found that richness of the soil 
is only a very small factor in influencing the formation of the a(ud, 
the chief being t he climate. Their experiments were not, however, 
sufficiently conclusive, and lacked confirmation. In fact they 
found no correlation between the dhurrin content and the 
atmospheric conditions of temperature and humidity, and merely 
suggested that a high moisture content of the soil was often 
accompanied by a low dhurrin content. They also found no real 
difference in the amounts of the glucoside occurring in the plant 
between night, and day. 

1 Agri. Jmtr. India, J, Pt. 3, ]). 220. 

Agri. .lour. India, XJ, 1*1. 4 ; XIV, I’t. 1 : aiid Jour. Dipt. .Agri. Bihar and Uritua, 

HI. n. 2. 

\Jovr. Agn. Sea., VI, No. 7, pp. 201-272. 
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Contraiy to the above results, it has been found at Sabour that 
the atmospheric; conditions, viz., temperature and humidity, cause 
a great deal of difference in the production and the rate of 
disappearance of the glucoside. Kven in cases where the growth 
of the plant has been retarded owing to unfavourable climatic 
conditions, the disappearance of the cyanide has been more or less 
rapid where the temperature has been high. Similarly, with low 
temperatures, the poison persisted for a long time and did not 
disappear even when an excessive amount of soil moisture was 
added. 

Mention has been made in an earlier issue of this Journab that a 
crop oijowar planted late in the season after the rains had fully set 
in, or one growing in a soil containing an ex(;essive amount of 
moisture, yielded a very low amount of hydrocyanic acid. The 
suggestion was then made that it was the soil moisture which played 
a great part in producing the above result. These crops grow best 
in a season when there is a high humidity accompanied by a high 
temperature. Their water requirements are not very high aiid 
(Tops have beeJi known to thrive in a soil wJiose moisture content 
has not been much higher than 5 per cent. As they require a warm 
moist climate they are grown here in the rainy season when the 
weather conditions are favourable. At the same time an abundance 
of soil moisture is supplied by rain. At the time wdien the above 
results were published it was not known whether the low hydrocyaJiic 
acid content that was found was associated with the high water 
content of the soil or with the weather, or with a combination of 
both. The former is only controllable under field conditions, if 
joivar can be grown here between the months of November and May, 
when rainfall is not much and the soil moisture (;an be varied by 
different amounts of irrigation water. Unfortunately, this is a 
season of low humidity and one in which the temperature changes 
from the lowest in January to the highest in May. Attempts were 
made to find out how the plants will behave as regards cyanogenesis 
when planted in mid-February and March, and in mid-April and 
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early May, thus dividing the period of low luiiuidity into periods of 
fairly high and low temperatures, the soil moisture all throughout 
being supplied by irrigation. 

Of the crop sown in February, none of the plants made favour- 
able growth, frrigation was resorted to very frequently and i u some 
eases soil moisture was carried as high as 40 per cent. 'I’he amount 
of prussic acid found <m the date of the first ana1y.sis remained 
sensibly constant till the middle of April, after which it rapidly 
disa])peared. 

1’ablk 1. 


UiUi- 


H(^N 

Date 

HON 




J'or c<‘nt 


Per cent. 

• 

Maruh I] 


0*09<i 

Ajiril 10 

0-087 


» IH 


0117 

»» ^ 

0-02;i 


2.*) 






« 



May T) 

0-004 



Tliis fairly constant quantity of prussic a(!id, which showed 
no tendency to diminish until after the middle of April, although 
an al)undance of soil moi.sture was supplied, must have becJi due to 
a suspension of enzymic acAivity and to a deficiency of protoplasmic 
function as long as tlui temperature was low. With the increase 
of warmth, accompanied by one or two showers of rain, the growth 
became rapid, the enzymic action increased and this was followed 
by an almost total disappearance of the poison. This confirms 
Vinal and Reed’s suggestions^ as to the probable cause of slowing 
up of growth at low temperatures. . 

The next crop was planted at the end of March in three sets 
of plots which received different amounts of irrigation water. The 
moisture content of the plots was kept at amounts varying from 
<> and 22 per cent. There were dry west winds blowing at the time 
and it was very difficult to maintain an evenness of moisture <-ondi- 
tions, at any rate in the surface soil, bn* any lengtli of time. Very 
frequent, and prolonged irrigations had to be resorted to and 
attempts were made to see that the percentage of moisture, though 


^ Agri, lien,, XIV, No. 2. 
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not rigorously kept constant, did not fluctuate between wide limits 
from day to day. No very considerable difference was found 
in the amounts of prussic acid in the plants growing in the different 
plots, so that, under the conditions then obtaining, a difference 
between 6 and 22 per cent, in the amounts of soil moisture made 
no appreciable difference in the hydrocyanic acid content of the 
plants. This can be seen from Table II. 


Tablk II. 


Aveiu^c niowlurc content in the soil 

HCN per cent. 

on dilfcicut duicb 




J -4-1*1 

8-4-jn 

23-4- Jl) 


211 — 22 per cent. 


OJ-W 

0 031 

(Hm 


i;j — J.-i „ 

()-2<Kl 


(>•070 

o-oo-i 


(i — 

O'iSI 

tl*2:{2 

0-0S(» 

0-0.37 



'riic crops never made good growth. Even on the 23rd of April 
when the hydrocyanic acid reached a })retty low figure, the biggest 
of the plants did not weigh more than 20 grin. I'he very high 
temperature at this time of the year, as well as t he low atmospheric 
humidity, evidently retarded the growth. Still the amounts of 
prussic acid, great at first, went on diminishing though at a not 
conveniently rapid rate. The difference between the above results 
and those obtained from the earlier sowings In February indicates 
that a high temperature is probably one of the factors determining 
a more rapid disappearance of prussic acid from the plant, even 
though the plant, itself may be making a very unfavourable growth. 

Sowings made in the month of May, when the humidity 
conditions also have greatly changed, produce plants in which the 
disappearance of the acid is even more rapid and the plant 
seldom contains anything more than a negligible quantity when 
about six weeks old. 

Temperature is .therefore obviously a factor which has much to 
do in stimulating enzymic action and causing disappearance of the 
glucoside even when the gro\Hh of the plant is retarded. This 
disappearance is even more rapid when the humidity is also high. 
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The stunting of a crop, except at a low temperature, is not always an 
indication of the crop’s possessing a high dhurrin content. 

Appreciable differences were also observed in the amounts of 
hydrocyanic acid obtained from the samples of plants collected early 
in the morning and those late in the afternoon. These differences, 
which were very prominent in the early stages of the growth, tended 
to diminish with the age of the crop and would probably vanish 
after a time. 


Table 111. 

Slioiviiiy tfte variation in tlie HCN cotUeM between day and night. 


Plot No. 

Date 

Muruiii}; 

Evenin'; 

3 


O-IW) 

0-073 


30-;i-20 

0-009 

otmi 


31^20 

0-008 

0044 


fM-20 

00:10 

OOlO 

1 

22-.V20 

0-130 

01 07 


3(^— 

0IJ(i 

0-092 


3i-;i-2() 

0-J24 

0-107 


9-1-20 

0-0<>9 

0-054 

(i 

22-3-20 

1 0-125 

0-094 


30-3*20 

1 O-IOT) 

0-077 


3I->V20 

0107 

0-081 


tM-20 

! 0*050 

0-048 

o 

2.3-3-20 

0050 

0-044 


.3-4-20 

0-045 

0-039 

o 

2.3-3-20 ! 

O'O;-)! 

0-040 


3 4 20 

0044 

0-04K 


It has already been said that Willaman and West found no 
constant variations between the m<»riiiiig and the evening samples. 
On the other hand Menaul a)id Dowell* found siinilar differences 
in the case of Sudan grass which behaves similarly to jowar in 
lespect of cyaiiogenesis and like it shows the greatest amount of 
hydrocyanic acid in very young stages, the quantity diminishing as 
the plant advances towards inaturity. It is possible that Willaman 
and West’s observations were taken when the differences had 
disappeared. 

The amount of hydrocyanic acid found iji the plant at any time 
represents the balance of the quantity produced and that used up for 
the growth. The differences jioticed in the morning and the 


* Jour, Ayri, Key,, XVllJ, No, 8, p, 448, 
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evening samples might be due to the diiferenees in the rale of produc- 
tion of tlie glucoside or in the rate of its ])reaking up and utilization 
for the purposes of the plant. If the temperature and humidity 
were the only factors to be considered intliis case, it might be said 
that the higher temperature during the day would cause a more 
rapid disappearance of tlie glucoside. But sunlight might also be an 
important factor wliich would influence both the rate of production 
and of diminution. In order to obseive if different degrees of 
sunlight have any influence in this respect, plants were gi'own in 
pots and kept in different degrees of sliade. The average height 
of the plants was the same both in the shade and in sunlight, but 
those in sunlight were sensibly heavier than those in the shade 
and the hydrocyanic acid content of tlie former was also greater. 

Table IV. 


HhowiMi the amount fi of I/CN found in plants receivinf/ different 

amounts of sunJi(//d. 


l)iv< V 

Plaiiis 

ill Hunli^lit or 
Hliail ■ 

Keight 

Average of a 
plant in grin, 
weight 

HCN p(r eunt. 

1 fit li May 


18 

0 -J r>5 

O-OtMia 


SLadr 

I><>. 

ONO 

0*0021 

Siinlifibi 

20 - 2r»r.iii. 

01 00 

OUOOO 


Sliadc 

l)iK 

0 080 

0*0020 

2(Mli’\May 

iSuulinlit 

25 — 40 e.iii. 

0*480 

0*0015 


Shade 

25 — 20c.ni. 

0*802 

t ?*nees 


'Phis would imply a greater rate of prodmUion in the pi a j its 
exposed directly to the sun. 'Phe natural inference, therefore, is 
that during the day there is a greater (piantity of dhurrin 
])roduced ; this, however, is balanced by a quicker breaking up, so 
that the net amount jnesent at the end of the day is less than 
what is found at the end of the night. 

Lastly, it was found that plants which were dying in the fields 
for want of water contained no trace of the cyanide. It was also 
noticed that plants removed wliile green, dried and then examined 
some weeks alter, were entirely free from the glucoside. Drying of 
the plants has been known to remove the liydrocyanic acid largely, 
but the evidence as to the extent of the removal has been conflicting. 
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Dowell’s experiments' jirc the latest records ou the subject, and he. 
found that, during the process of drying, approximately three-fourths 
of the amount of the hydrocyanic acid is removed, the amount 
retained at any time depending on the rapidity witli which the 
drying had been carried on. In India, during the excessive humid 
atmosphere of the rainy seas(»n, sun drying is not a rapid process 
and this may be an explanation of why dried |)lants have been found 
to have lost all trace of the acid. Similarly, with dying plants still 
standing in the fields, drying is necessarily a slow process and 
dissipation of the hydrocyanic acid at that stage is great. In order, 
however, that drying may ])roceed. the lemperal nre of the plant 
must be raised so that it is to be expected that in such a case, 
on account of accelerated action of Ihc enzyme, a much less 
amount of hydrocyanic acid will be obtained from the plant, 
provided that the temperature has not been raised too high to 
stop all enzymic action. Similarly, in the case of dying plants 
where the rate and the amount of transpiration has diminished, 
the temperature will increase with increased dissipation of the 
acid as a result. In the case of too rapid drying, the 
temperature has to be raised cojjsiderably resulting often in the 
destruction of the enzyme, thus preventing further liberation and 
escape of the hydrocyanic acid, ft is owing t(» a similar reason that 
continued exposure of a crop of jowar to too high a temperature 
(higher than 92° or 93" F. according to Vinal and Heed)® retards its 
growth by rendering inoperative the activity of the enzyme. 

^ Jovr, Agri. R&f.^ XVI, No. 7, ])p. 17/)-18l. 

® »/««/•. Agri, Xll, No, 2. 



A DISCOVERY : ANDROPOGON PURPUREO-SERICEUS 
AND ITS IMPORTANCE IN THE IMPROVE- 
MENT OP GRAZIN(i AREAS IN THE 
BOMBAY DECCAN.* 

BY 

L. B. KTTLKARNl. M. A«,, 

Of the Bonilni/ Atfrie ulturnl Deixirtmevt. 

The writer uses tlie term ■' discovery.” as the importance 
of this species is not mentioned in any of the previous literature 
on Indian grasses. No mention i.s made of its uses by Cook in his 
Bombay Flora. Lisbc v, writing of this grass, remarks : “ Uses not 
known ” {Botnhay Grasses and Their Ihes, page 78). In 1912. 
along with some wild foduer grasses and leguminous plants, Andro- 
pogon. purfyareo-serirens an also separately tested in a one gvntha 
(l/40th of an acre) plot of medium black soil of about three feet 
in depth in the CJaneshkhind Botanical fJarden, Jvirkee, near 
Poona. Tt grew well to the height of five feet and gave a 
calculated outturn of (t. 080 lb. semi-dry grass per acre in December. 

Tn 191.3, the self-sown seeds in the same plot produced a good 
crop and gave two cuttings, one in September and another in 
December, with the total calculated yield of 8,920 1b. green grass 
per acre. 'Fhe green stuff was fed to cattle .and eaten by them 
with relish. 

In 1915, this species was also tried on a poor soil of red colour of 
laterite at Tegur (District Dharwar) and found to be thriving well. 

•Nothing particular was observed during these years. But 
when in 1916. the seeds of Andropogon pnrpureo-sericem were 
indiscriminately mixed with those of other species, and sown. 


* Paper read at the Eighth Indian Soienoe Congreaa, Calcutta, 1021, 
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aft«r proper cultivation of the land, in three plots of good, medium, 
and poor soil in the Government House compoiind, Ganeshkhind, 
it struck everybody that visited the plots that Andropogou purpureo- 
nericetis grew well and was dominant with its thick growth in all 
the plots. Not only this, but also Andnrpoifon cmifortm which 
was prevalent in all the plots before they were treated was far less 
common. The grass wafr cut in December, and the first two plot.s 
of good and medium soil gave each 10,000 lb. and the third of poor 
soil 5,000 lb. green grass per a<-re. 'Phe green stuff was offered to 
bullocks and eaten by them with relish. 

After a month and a half a second growtli was produced and 
allowed to self-seed for the misuing year. 

Tn the beginning of June ltM7 the seetls of the following speejes 
were broadcasted : 'Plii ■' •-o’ and seventeen pounds of seeds of 
the mi.xture of Andropogon rnrimsus. Andropogou nnmiirola. 
)Sudan gra.ss arui Trirholcana rosea for good and jnediuin soils, 
respectively, and 7 lb. of the mi.xtcre of Andropogou carirosm and 
CJdoris harhita for the poor soil. The seeds germinated well and 
produced a good crop. 1'his year (1'^I7) it was observed that 

Andropogou pnrpureo-sericeus was less common : A ndropogon 

(‘ontorhis, the original species, was rare ; and t he introdiu^ed 
perennial species, viz., Andropogou, monlieola. Andropogou rariro.sns 
and Andropogou ])erlu,sus were increasing in the plots. 

Tn 1918, no fresh seeds were sown, and the following observa- 
tions w'ere made during the year : (a) 'Phe perennial s])ecies 

mentioned above, grew well and looked more prominent, (h) 

Andropogoti ptirpureo-sericem entirely disappeared from the plots 
to our great surprise, (c) Andropogou. cmiiorlm w'as found only 
scattered on poor soil. 

As a result of these experiments on three plots foi- thre<5 
(iontinuous years, the following facts were noted • 

(1) Andropogou purjuireo-sericeics grew w^ell and was 

dominant on good, medium and poor soils. 

(2) The original hardy and inferior grass, viz., Andropogou 

contortus, which was dominant before, was 
suppressed. 
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(3) It acted as a nurse crop for tlie perennial glasses which 

are generally slow to t‘stal)lisl), since it entirely 
disappeared from llie plots when the latter were 
more dominant. 

(4) It provided a good supply of green fodder in September 

either for immediate use or for turning into silage. 

These facts were furtlier tested and confirmed by the following 
experiments. 

Mxi'Krimknt No. J. 

An area measuring about 2^ acres, and having the soil varying 
from two to six inches, slightly reddish in colour originated from 
trap rock, thus fairly representing the poor land of the lleccan, 
was selected for the experiment at the (toveniment House com- 
pound in the beginning of 1918. Andro'pogm contoHus was 
dominant, on the whole area. 

The grass was cut and the land cultivated before the seeds 
of the mixture of t he following species were broadcasted in the 


begiiming of July 

lb. 

Andropogon pur'pnreo-»(>ricnt'< .. .. .. ..100 

Antheslerm ciliafn . . . . fMf 

Thelepogvn elegau'< . . 50 

Andropogov .. ,, .. .. ..50 

iHeileitut wightii . . . . . . 30 

Ischmtmm mka^uw I . . . . . . 20 

„ laxvm j 


Seeds germinated well but the seedlings were affected by the 
scanty rains. Many seedlings succumbed and there were many 
gaps in the plot, so the area was again harrowed and a fresh lot of 
230 lb. of seeds of the mixture used above was sown in August, 
'rhis time, too, the seedlings simply di'agged on owing to the insuffi- 
ciency of moisture throughout the season. 'Phe seedlings that 
survived made a fair growth, and Andropogon pmj»ireo-$ericeu8 
was found to be dominant, and Andropogon covtorim less common 
in the plot. The grass was cut in Noveml)er when most of the 
seeds dropped down and the yield amounted to 800 lb. dry per acre. 
Considering the abnormal condition of the year, the total yield 
pel acre is not bad. 
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In 1919, 64 Ib. of seeds of the mixture of Andropoffon 
caricosm (44 lb.) and JscJimnuni snhatmn and Tselmmum laxvm 
(20 lb.) were sown in the beginning of June. The season was 
favourable, so the seedlings came up all right and giew excellent. 

This year (1920) again it was observed that AiiAroponon pnr- 
pureo-sericeiJiH was dominant and Aiuiropopon conforfKs wa.s still 
less common. 

It is gratifying to note here that t he plot was visited by tin* 
Deputy Directors of the Bombay Piesideuoy, as well as by })rivate 
gentlemen, wlio were jdeased to see a good crop of grass on poor 
soil which cannot grow econojuic cro}>s. and indented for the supply 
of seeds of AnAfopofjon purpufeo-sei'icen/t for further trial on poor 
soils. 

The grass was har, i. sfei 'ate in November when tnost of the 
seeds dropped dv.wn ; tlui yi* i.. was 1,K00 lb. dry per acre. 

It. wa,s reported by the Manager of the Civil Dairy. Poona, 
in his letter dated 31st May. 1920, addressed to the writer, that 
. Indropnpoi) p,ii ptoro-Hcricetin <‘ven in its dry stage was eaten by the 
dairy cows which maintained the milk vield in the absence of yV)?w/r 
{A. Horghum) stalks in May, r.hile Andropogoii cmifnrtns was not 
touched by them, a fact which proves the superiority of this species 
as a fodder over Aiidropijffan conlfrrlus. 

In order I'oughly to deternriiie the (extent t,o which Amiropoijon 
pnrpufeo-sericens was found and Androjxnian confortus sup])ressed 
in the. ('xperimental area, the stuff was cut from two small plots 
mcjisuring ten feet by ten feet and the different species weighed 
separately. 'Phe following table shows the composition and tht* 
weight of the spe(ies. 



j Plot 1 

1 

Plot 1 

— 

1 

i \vt. 

Wl. 


: !»»• 

Il>. 

A ndrojiogon jiurpureo sericcus 

' 12 

10 

l»rh(trmnin »>ilca1uvi 

s 

.“) 

Andfopogon cvniortuff 

\\ 

nil 

Avdrofmgon pumihix 

4 

nil 

{ 
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The a})ove table clearly showTs the dominance of Andropogon 
purfureo-sericeu.s and the elimination of Andropogon c(nUortus 
in the poor soil in support of the previous observations. 

In 1920, no fresh seeds were added ; the fallen seeds of the 
last year germinated well. Wlien the seedlings were about two 
weeks old, they were first affected by a draught of a fortnight, and 
then the timely rains revived them. I’hey were just recovering 
from the previous shock when they were again exposed a second 
time to a draught which lasted for about a month, thus Andropogon 
pnrfyiirext-sericens even in its young stage j)assed through two critical 
pertods, Still it. grew fairly well up to two feet in height and was 
dominant in tlui area. 'I'his fact goes to prove the draught-resisting 
power of Andropogon purpnreo-serkTiis even in its young stage. 
This fact was further tested by actually counting the junnber of 
seedlings from a measure, of three feet by thr(‘(' feet in tin' 
experimental area affected by the draught a.nd by recounting those 
that survived. The following shows the details. 

Two thousand four hundred and eighty seedlings were found 
affected on 1st September, 1!)20. Of these. 2, OSS were found 
survived and flowered on 1 1th Oc^tober. 1920. Thus the jiercentage 
comes to more than S4. 

Andropogon contort lift was entirely absent when* Andropogon 
purpnreo-sericem had made a thick growth. 

Stumps of JfscJimnnm laxuni were more visible in a greater 
part, of the area. IMants of Andropogon caricosnft began to a[)})ear 
though in scattered condition. 

The results of this experiment for three years may be summed 
up as below : - 

(«) Andropogon pnrpureo-tiericeiis grew well even on poor 
soil and yielded a fairly good quantity of fodder in September. 

(6) It suppressed the inferior species, riz., Andropogon 
rontortm, which was the main grass on the poor land. 

(c) It itself proved a hardy and draught-resisting species. 

(d) It was found a better ft>dder even in its dry stage than 
Andropogon contortus in the hot weather by the dairy cows which 
maintained the milk yield. 
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Experiment Xo. 2. 

Jji I0J9. four ounces of seeds of eacJi of the following species 
were mixed together and sown hroadeast after ])r(iper cultivation 
in the beginning ol June in a. small ])lot (six fe(*t bv six feet) of 
por)r soil in tin* (iovernment Ifousc* compound, (huieshkhiiid. 

Annuals. An<hoj»»/oii pnr/)iim>-STrir<'iis, Aphida I'liria, 
IftelurnniiH siflratiini, Thi’IcpopoH elfipniK. Anilirslvrio rillahi. 

Perennials. Amlropofphi inniillrnla, Ceiirl/rii,s hi.florus. Cliloris 
harhniti, 

Tfi(‘ land had Aiidropofpni cnnlortus as its chief grass, a,nd it 
r(‘|u'(*sented the common j)oor land of thi' Deccan. The seeds 
<I»M’minated well and the seedlings grew all right ; the mixed grasses 
were cut in October. The following table shows the composition 
of different grasses in weight and also the height to which they 
gr(‘w. 




\Vt. ‘ lit. 


I ndrofHJffoii p/irpurro-sfVircujs 
A nn riliatn 

\pludnvnnit .. 

Ischtvnnnu fiulrattittt 
Thi'lt fKMjoH I'hujans 


I 

i 


Ik 

J.) 

1 

2 

T 

J 


fl. 

(I 

•"I 

4 

2 

I 


From the alxtve ILgurcs it is clear that. Aiidropo(ion pinpumi- 
■'fcricena grows Ixd.ter and is dominant as was (ueviously 
experienced. 

I n 1 920, t he self-sown seeds produced a good cro]i of A iidropoffon 
piirpiireo-ffcriceuK in September in spite of scanty and irregular 
rainfall. This goes to support, the statement tliat Atidiopof/oit. 
purpiireo-fierif'f'Uii is draught-resistant. 


Experiment No. 3. 

In 1919, af. Athani (Belgaum District) in a Icuran (grazing 
area) fairly representing the, poor land and o\er-grown with 
Andropogan cmdorlas, a plot of four guvtJias was cidtivated and 
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grown with the following mixture at the rate of 75 lb. per acre in 


the beginning of July. 

lb. 

Andn>'pogmi .. .. ..30 

Thelepogon elegant , . . . . . . . . . 20 

Aplnda varia . . . • . . . • . . 10 

Anthe/iteria cilinta .. .. .. .. ..5 

A ndropogon carir4HiUM , . . . . . . - . . 6 

hchcfiini,in Hulcalvm .. •• .. .• •• 


The seedlings appeared all right, but were soon checked by a 
long break that lasted for a month in August. Good showers iu 
S(*ptember put a new life into the drAnng seedlings and saved the 


situation. * 

The plot was observed in the beginning of November by Dr. 
Burns, Economic Botanist, accompanied by the \vriter, and it was 
found that in the reseeded plot Andropogon contorim was rare, 
and Andropogon purpiireo-sericmf!. Aplnda varia. Anthesferla ciliata 
and Tlielepogm elegam were common and made a fair growth. 

The results of this experiment are in support of the statements 
made regarding Andropogmi pnrjynreo-serieeuii, viz., (1) thaf 
Avdropogon 'pnrpnreo-seric4>nii in spite of scanty rains grows 
well on poor soil and is dominant and (2) that Andropogon 
eontortnn is suppressed. 


Experiment No. 4. 

T’hc Superintendent, Kopergaon Farm (Ahmednagar District), 
states in his letter addresscnl to the writer, dated 1 3th October. 
1920 : ■■ Owing to insufficient rains, the plot of Marvel {Andropogon 
avnnlafns) grass kept on rain water only failed to give any outturn. 
The growth of it is so very poor that it is not worth while cutting ; 
the gaps are still existing. 

“ This year (1920) another plot measuring 10 ganthas, which was 
sown with Kolhapur grass {Avdropogon pnrpnreo-sericens), has 
thrived very well in salt affected area ; the height of the grass was 
four feet to five feet. ' It has given the yield of 3,688 lb. per acre 
(nearly dry weight) as it was cut when the seed w’as ripe.” 

Messrs. Bums and Chakradeo in their paper on the grass 
experiment at Kalas submitted to this Congress have shown that 
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there also Aiidrofogon purpureo-sericeus maintained its character 
as a draught-resistant and heavy yielding grass. 

Summary. 

(1) Andropogon parpureo-xenceus, a wild indigenous fodder 
grass, is suitabhs for poor land, grows tall, (|uick!y, and yields by 
itself up to 5,000 lb. green grass per acre, hence its usefulness for 
silage. 

(2) It supprcss('.s Aiidropoijim cottloiii/s which is dorninanf. cjii 
the vast area of poor latid of the Bombay Deccan. 

(3) dattle like it Ix'tter even in its dry stage in the hot weiither 
than Aidropoffon cmlorttis^ thus proving its superiority ov(u- the 
lal ter. 

(4) It resists draugtii ( ii i liens to a great extent. 

(5) It a<'ts ii.s a nurse crop u> perennial grasses. 

(0) It is a ])ioi]eer grass ui the artificial reseeding of grazing 
areas. 

SkUemud showiii.!/ I hr i/ie(<! .;/ Andropogoii purpuroo- 
sericeus .-irvrr'il i/mra. 
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or dry 
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1 

1 Good year 

1 Do. 

Do. 

! Mixed with 

I)-. 

Other j(oo(i 
igrassefl but 

1 in slight 
degree 
Do. 

D(f* 

Do. 1 

Ih.. 

Du. 1 

A ba<l y ar 

Do. 1 

A gootl ycer 

Pure ! 

i A l)ttd year 

i 




A(iRlUlILTURK IN THE SHAN STATES. 


Wl l'll SIMiClAI. 

AS *• 


IIKFKHENCK TO THE SYSTEM KNOWN 
TArN{4VA CUl/nVATlON. 


BY 

E. TIIOMPSTONE, B.Sc., 

• It.'imhi Diitrloi of Ji/iiritlhnr, liiinito. 

(('oiicIikIciI fniin Vol. X\'l, I’l. Ill, ji. ilil.) 

Tlirc “ TAITNOVA ” PROULKM AND ITS SOLVTTON. 

Tuk nliiiiuiie aim of all “ tiiuiif'Vti ” iiiv(‘.stifiatioii.s has liooii 
to hiiiiff the laud under perinaiieiit eultivation to jnit a stoj) to 
t his dostructiive method of agriculture and so to induce the people 
to settle down on holdings of reasonahle size. If this end could he 
achieved the benefits to he derived hy the country are incalculalile. 

It is obvious t hat repeated burning or Iieating of the surface 
Soil cannot be regarded as jmicticable. Apart from the question 
of waste the sup})ly of wood fuel has already almost given out in 
some places, v.y., the Myelat and South llsenwi, and will quickly 
disappear elsewhere as tJie population increases. So long as large 
areas Avell covered with jungle are available, heating the soil is not 
a very expensive process to the cultivator, but when fuel has to be 
collected and carried the cost of the operation is very heavy, whilst 
to burn cattle manure, laboriously collected fiom the roads and 
fields, is the most wasteful if not the most expensive method of 
all. 

Some method of soil treatment other than heating or burning 
must therefore be found. The results of some practical field 

( 396 ) 
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experiments carried out at Yawughwe and Hsiimhsai inaicate a 
simple and practical solution of the problem, and a few typical 
extracts from the considerable numbers of results bearing on the 
problem are given below. 

Liming. 

We have already mentioned that the soil lacks lime and organic 
matter. The practical effects of liming are shown in the following 
tabular extracts of experimental results. Lime was ajjplied once 
only at the rate of (5,000 lb. per acre, and u]> to the j)reaent three 
crops have been tiiken off the land. 


The effect of limint], 
(Ontluri’- in lb. per acre.) 



j ItlTYKAi: 

1 


2M) YKAl 

1 


1 

1 3 HU yi:ai 

1 


1 Avkhauk 

INCH BASK 



i 

' 

0 

1 

1 








f 'l(ll) 

£ 

jL 

1 

Limed 

X ^ 

es C 
^ 

'Z 

1 

! "tJ 

4. 

J 

j t i 

V ^ 

1 

1 o 

1 o 

'Z) 

3 

■J 

Increase di 
to lime 

Per acre 

Per cent. 

R K.MAUKS 

\\ hcilt. 


ti|7 

025* 

480 

720 

240 

27(i 

o07 

20 It 

272 

120 

♦Average of 0 

tJroundnui^ 

700 

1,000 

liOO 

100 

700 

540 

1,080 

2,200 

2,180 

702 

los 

HcricH of plots' 
t Average of 7 

I^JiiKeod 

:J()0 

oori 

;<05 

2S0 

000 

1 

I 280 

240 

410 

170 

>51 

70 

sorio.' ul jilots. 

P'-Slllplll 

in.-) 

(iliO 

245 j 

250 

I 

005 

415 

1 1,280 

1,070 

200 

1 

282 

02 


1*' yin 

j 

7I0 

ori.”) 

24.'i 

250 

200 

140 

1 270 

500 

220 

205 

50 


Sadawp?' i 

so 

100 

11(1 

000 

040 

240 

200 

840 j 

540 

200 

02 


< Irani 


1.430 

1 

1,100 

250 

010 

200 

540 

1,020 j 

490 

010 

151 


INitntiics 


I 

1 



1 

_ 1 

j 

1,480 

1 

7.040 

2,500 

2,500 j 

57 

Average of 2 
exjforimoiits. 


The above results were, obtained on land that had been 
cultivated without previous burning for one year ; but on an old 
taungya ” that had been lately abandoned the response was even 
greater. The single dressing of lime in this case was 5,000 lb. per 
acre and the figures for one year ordy (plots one-twentieth of an 
acre in area) are available. 
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lAme on old taungya'^ land. 
(Outturns in lb. per acre at Hsuinhsai.) 


Crop 

Uuliiuod 

strip 

J^imed 

strii) 

luoease^ 
due to 
liming 

Incroase 
per ce it. 

Remarks 

Maize (Bur.) 

nil 

:t,+40 

3,44(1 

In 0 . 

Dried cobs 

Do. (Shan) 

nil 

2,540 

2,540 

Do. 

Do. 

P, byugal* 


530 

200 

00 

J^haMcoluts linialud. 

Pi-8ingon 

000 

' 2,080 

1,180 

131 

CaJauiiM 

l^eyin 

470 

2,130 

1,000 

353 

calcaratua. 

Cram 

200 

420 

220 

! 110 

1 

Cic r arielinum 

BuekwlK^at 

r»2o 

1,040 

1 120 

1 

; 215 


Sadtwpl* 


000 

040 

200 

J*isum aahvmn. 

Liiiheed 

1 70 

080 1 

010 

S70 



The tigures of a single trial should, of course, be accepted with 
caution, but tlie differences are so great iind th(‘ conditions of the 
experiment in this case arc such that Ihe evidomie is (amclusive. 

A wide variety of crops has been tested ovei' several years 
and not a single one but lias responded in a high degree to the 
dose of lime. From the former of the above tallies it will be seen 
that the dressing has not diminished in effect after three years. The 
experiments arc still going on, though the high value of lime is 
considered to be proved. 

The action of lime. Whilst we know what the effect of lime 
is on crop production, without the researches of chemists and 
biologists on the spot we can only surmise liow this effect is brought 
about. The well-known actions of lime are its effect on the physical 
condition of the soil, the chemical decomposition of some of the soil 
organic matter and, uhere very deficient, the direct supply of a 
certain amomit as plant food ; but it has been showui by Hutchinson 
and MacLennan^ that calcium oxide (caustic lime) — but not calcium 
carbonate, i.e., limestone or chalk — if applied iji sufficient quantities, 

* “ The Effect of Lime on Certain iSoiifl.” Jotir. Agri> Svi., VJ, 302-321. 

* Limo Reepuromeuts of Certain yoiL.” Jtmr. Agti. VII, i)p. 75-104. 
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exercises a partial sterilization efiect similar to that shown by heat 
or by other sterilizing agents. 'I'heTe occurs a sudden iuitial decrease 
and a subsequent increase in the nuinbei-s of bacteria present in 
the soil, and tlie larger foi-ins of ]>rotozoa are killed or (diecked. 
The caustic lime also causes chemical deconi])osition of some of tlic 
organic matter of the soil and the formation »)f an\mt)uiH, which 
is followed., when bacterial growth recommenc('s. by a large increase 
in the rate of ammonia jn-oduction. The same investigators also 
showed tliat light soils pooi in organic matter and in calcium 
carbonate (such as are our “ taungya “ lands) )-eacf.ed sharply 
witli a small application of lime, which was not the case with 
richer soils coutainiiig more organic matter or more carbonate. 

Since the effects on crop productimi of heating and of liming 
•■taungya ” soils arc \ciy much the same,, it' seems probable that 
the lime here owes its etlicacy in no small dc'grec^ to its pow'er as a 
sterilizing ag(mt.. But the effects of heating the soil generally 
(lisa])])(‘ar attei' a lapse of two or three years, whilst it has been 
shown above that there is no diminution after liming during a 
period of three yca.rs. It^ icmai! f<» ! c, .seen h<»w long the dressing 
of lime will c(mtinne to act. luit iigricnltiiral e.xperie.msi teaches 
us that it cimtinues for a long t.irne a.jid it. seems juobable that 
liming will have a more durable effect than heating. 

.is for the nuignitude of the effects, owing to the dilticulties of 
measuring the amount of heat applied in a field ex})eriment, it 
requires elaborate series of laboratoiy experimeiits to determine 
how much caustic lime is equivalent tt) a given amount (»f heat or a 
given quantity of fuel consumed. The small dressings lime 
applied were takeJi as being well within the limits of practical 
agriculture, and these doses have given better results in point of 
yields than the ordinary t)peratioii of “ taungya ’’ burning has 
given. 

Manijuino. 

All the soils except those of the valley bottmus are very 
deficient in organic matter and, as would be expected, applications 
of organic manures have vei’y marked effects. Cattle manure is 
scarce and the small dressings have been regulated by the amount 
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usually made use of by the local cultivator, viz., (about) 6,000 lb. 
only of moderately dry material per acre. This quantity was 
applied in the experiments, but as the local custom is to burn the 
manure in order to heat the soil — Cheating being regarded as of 
primary importan(;e— -this method has been tested alongside the 
direct application for the past three years. The following results 
obtained on an average piece of “ taungya ” land, not previously 
manured or planted with potatoes, are typical of the whole. As it is 
a feasible practice to follow a crop of potatoes by oJie of wheat the 
same year this is wliat has been generally done on the farm ; but it is 
a practice not yet known to the cultivator. 

Maniiriny of red upland ''' tamufya" . 



PoTATOhS 

Win; AT 1 

(Hosa t>) 


Year 

IMantin^ 

Mann nii^ 

Yioitl of 
III bare 

Yitdd of 
KTain 

Rkmaiik.s 




lb. 

11. 





por acre 

])er acrt* 




hidriU 

Mniiuro nn burnt 


l,2bt) 




Do. 

i Manurt* burnt 


btMl 

Wheat damaged 
by hares. 



( 





i ' 

D(.. 

No inanurr 

2, St Ml 

ml 

1 

Wlieat faded. 


! 

li<H*al mullunl 

Manure 11 n burnt 

4,tKMI 

dWi 

Wheat damaged 



(Hills)' 




by hares. 



Do. 

Manurti burnt 

1 :{,r»4ti 

! 

.DlKMI 




( III drills 

Manure iinburnt. 

1 1 

! ftb:{2(i 





1 

j ! 

Manure burnt 

o,U40 I 

' 1 





lioual inefliod 

i Manure burnt 

1 

2,r)(>(i 1 



In every case ><0 

far tried tlie 


t.o be derived from 


unburnt manure has proved to be greater than that brought about 
by burning an equal quantity of manure in the soil, showing that 
the organic matter and manurial ingredients supjdied by the 
manure are of greater value than the heat it will produce and that 
the local practice of xising manure to heat the soil is ver}'^ 
wasteful. Incidentally it is shown that the drill method of planting 
potatoes gives much better results than the local method. This 
method is now being introduced among cultivators. 
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The {ihove rcsulls were all ol)taiiiecl without the aid of lime : 
th(' organic inattei' and nitrogen supplied hy the manure on the 
one hand and the nitrogen produced hy heiiting on tlie other 
remedied the most serious defects of the taiingya ” land which 
would ordinarily have been ahandoued. But with tJic assistance 
of a dressing of lime equally striking results were obtained, though 
the lime (o,00() lb. per acre) had been apj)lie(l two and a half 
years previously, 'riie land was a poor piece of " taungya ” which 
liad been cultivated for three years ai\d potatoes were followed 
by wheat the same year. 


Lime 


tnnHUic i)H- “ 

hmmfija " 

IoimL 

1919-20. 




J'UTATOK.S 

: 

UK\T (I'l/.SA J) 

Manuniiw 



1 

- - 




N ieJd of tnbi 

I'R ! Y 

it‘kl of j^ruin 




lb. 

j 





por aurt' 


por acn‘ 

(.'ottlr 

iiiitiiti It 

Lititi'd III DM7 


1 

1 ,0b0 


Do. 

; Nt)h Innoti 

bjbp 

1 


No ntuiniir 

; Ijmotl Ml D.M 

o.lipo 

j 



Do. 

Not Ijin- vl 

2,S00 

j 

mi 


It should be mentioned in this connection that the. average 
acre yields of potatoes and wheat, obtained by cultivators are 
about If tons and 'Mo lb. respectively — and not from the same 
piec'c (»f land ; whereas on the Yawnghwe farm (even by the very 
light manuring al)ove mentioned) it has been found quite easy to 
raise +3 tons of potat.oes and Jiearly one t.on of wheat from the. same 
acre. Upwards of 5 tons per acre, of potatoes havi; been raised on 
■' taungya ’’ land and this was followed l)y 920 lb. of wheat, but the 
best yields of potatoes have not. IxiCJi followed by the highest, 
outturns of wheat. After a late two-ton crop of jjotatoes 
Federation and Busa 4 wlieals yielded 2,520 and 2,6(K) lb, per acre, 
respectively, on a good loam (not iipland “ taungya ”). 

(xREEN-MAN URINE . 

To supply the deficiency in organic matter the quantity of 
cattle manure available is wholly inadequate and other means 
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will have to be found. Considerable quantities might be provided 
by the abundance, in many places, of succulent jungle growth, 
but its application is troublesome and not likely to become a popular 
practice. On the other hand, green crops will grow rapidly 
and luxuriantly and they can be very easily dealt with. 
The chief difficulty is to obtain seed, but as several locally 
grown (;rops are excellent for the purpose this difficulty can be 
overcome. 

The average outturn of wheat from 14 green-manured plots 
(over a period of three }ears) has been 744 lb. as (;ompared with 
413 lb. of grain per acre from the controls, and many of the green 
manure crops were very light, owing to the difficulty of obtaining 
a good stand where no lime had been applied. One of the best 
green manure crops has yjroved to be a common niucuna (known as 
“gwe-nge”), but sanu-hejup ('• pikesan ’’), ■‘peyin ’ {Phaseolus 
calcaratus) and others have also done very well. They grow with 
great ra])id if. y where the soil has been dressed with lime, but they 
frequently fail where this treatment has not been given : and 
consequently trials of green manures with and without lime have 
resolved themselves into t(!st,s of heavy and light crops of green 
manure. The addition of extra material to the non-liined plots 
has not been practised. 

To a very considerable extent green-manuring can be made 
to su})ply the lack of cattle manure, and these manures not. only 
supply available nitrogen (or ammonia) equivalent to that which, 
in the ordijiary coui’se of “ tauugya ’ cultivation, is produced by 
heat but they add much needed organic matter for fut ure use- -to be 
acted upon by the soil l)act.eria and gradually converted into further 
supplies of plant food. 'Phe effect is therefore likely to be much 
more lasting than that, of buiiiing which, on the contrary, tends to 
deplete the soil of the litth; orgsinic matter it has gathered. hether 
this js actually the case the experiments have not yet proceeded far 
enough to determine with certainty, but indications point in that 
direction which is also what agricultural experience would teach. 
The presence of lime, or the application of heat, would no doubt 
accelerate decomposition of the manure ; so that, whilst the 
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immediate effects would be greater, as Jias alread}' been found 
to be the case, the after effects may not bo so lasting. 

Weeds and erosion. 

Weeds and erosioji arc two of the worst eiunuies of the 
“ taungya’’ cultivator who is often forced to abandon his “ taungya ” 
early on their account. A green manure crop sown (farly during 
the rain}^ season cannol oul}' be ploughed down in good lime for 
a cold weather crop of wheat, beans, etc., but it will also serve 
as a protection against these enemies. Weeds which often take 
complete, possession f>l' the land during the mins are entirely 
choked oiit by a. good croj) of pikesmi " or ' })cvin ” and the 
land is h'ft in a. <•'> in state. 'I’lu' great<>st (‘rosion which 
takes place during tin'. ■ vy storms of June to August may 
be greatly clieiked by a. thick standing crop. Thus a green 
manure cro]> sown at the 'ight season may here serve a. triple 
purpose. 

Erosion may be entirely or'vented. on all but very steep 
hillsides, by adopting ])r<>oc- nu' i.ods of ploughing ahmg the 
cimtours instead of u]> and down the hill, and by adopting the very 
simple preventive mea.«urc of leaving small contour drains or furrows 
bordered by narrow strips of uuploughcd land. Since this 
method was started on the hillsides at Vawnghvve no trouble what- 
ever has been experienced from scouring which jireviously laiused 
much destruction. 'Phe small drains are not nioie than (> inches 
wide and 4 or 5 inches dee]) (t hey are started as an ordinary j)lough 
furrow) with a narrow unploughed strip of 10 or 12 irudies on each 
side. They are made to follow the contouis fairly a.ccurately and 
the distance apart varies with the slope ; on a gentle slope they 
may be wide apart but on a steep slope t hey must be closer together. 
By this means each strip of land deals witli the rain-water falling 
on it only and any excess of surface water is unable to gather enough 
volume or velocit.y to do damage before it is arrested by the furrow. 
More water is absorbed by the soil if the latter is well cultivated, 
and there is less run-off. Tf the drains are made permanent, terraces 
are gradually formed between them without the heavy labour of 
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evelling which would be an impossible task in these regions where 
labour is scarce. 


l^ERMANENT CULTIVATION. 

From tlie results briefly sketched above it will be seen tliat 
tliere is no reason why the “ taiingya lands of these vast areas 
should not be Inought under a j)ennaneiit system of agri(*ulture. 

There are two ready substitutes for the heat now being so 
laboriously applied as a remedy to our“ tanngya " soils, viz.^ lime 
and organic manures, small dressings of either of which have 
greater effects on immediate cro]) juodnction and seem to be more 
lasting in their power than an ordinal^ ‘Maimgya " burning. But 
whilst lime, l)y using ii]) the little nitrogenous material present 
in the soil, tends towards exhaustion in the same wa.y as heat does, 
organic manures have the (►p])osite effect. The one causes the 
production of nitrogenous plant food, the other supplies it (in addi- 
tion no doubt to aiding its ju'oduction from substances already in 
the soil) ; but, as pointed out above, lime in the soil is necessary 
also for the production of green manures where cattle manure is 
s(*arce, and it is not difl[i(‘ult to see how a- combinaticm of these two 
remedies may go a long way in the desired dire(‘;ti()u. Tt may 
be argued that cojicentrated nitrogenous manures would supply 
the deliciency, but as thesi*. a.re hopelessly costly by tin* time they 
reach these tracts there seems to l)e little use in testing them at 
present-. 

Liming, manuring and good cultivation, combined with proper 
systems of rotation of crops, can make continuous cultivation 
much more ])rofitable than the present methods of shifting from 
place to place. At Yawnghwe, upland red soil which has been under 
continuous cultivation for six years and which has not been burnt 
is still giving profitable outturns- -in fact, the yields are gradually 
improving imder the methods outlined above. 

IJniing is not absolutely necessary in all places but it is very 
beneficial, and as limestone is almost everywhere plentiful there 
appears to be no reason why it should not be universally practised. 
It seems to be more effectual than burning and is not likely to lead 
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to so rapid exhaustion. But if exhaustion is to be avoided organic 
manure in some form is essential. Yet a great deal may be done by 
good cultivation and rotations alone. 8ome of the older plots that 
liave so fat received neither lime nor manure still maintain their 
yields, though these are not very high, by good cultivation and 
rotations. There is no lack of suitable local crops for the purpose, 
e.//., gram, groundnuts, “ pbyin " {Phamtlm calmrutm), sadawpc " 
(Pisum ftafivuni), several kinds of valuable “ haricot ” beans 
(Phaseohs vulgarift) and several otlu'r leguminous crops are all 
suitable lor rotations in which wlu'at and polatocs ligure as the 
main crops. 

A 0 BT CULTl'RA L POSSI RILITIES. 


There are 
agriculture or 


lew countries with such natural advantages' for 
with such luture possibilities as the 8hau States. 


Besides tropical cro|is. a very 
be grown to jierl'ectioii, a.nd 


large number of European crops may 
this apjilies to fruit and vegetables 


as well as to the ordimiry " held crops. Better means of communi- 


cation and of transport for ^iroduce are the crying needs and, given 
t hese, agriculture is bound t,() prosper, but simultaneously with the 
provision of these better methods of cultivation should be taught. 
L'he cultivat.or has already shown that he is willing to learn and 
to ado])t better methods when denionstrated to him, and the (“,rop 
material at the disposal of the scientist, or experimentalist is 
extensive, varied and full of po.ssibilities. 



CROSS-FERTILIZATION ANJI STERILITY 
IN COTTON. 
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0. L. KOTTl’n, H. A(i. 

Vollnn Sh S oHflff'rn Divi.^nut^ lionihtni PtrsidvtU'ii . 

Tn the ])revioiis ariiclo^ it Avas pc^iiited out that rontinued 
self-fertilization f(»r a ( ertain nuinher of 3 "ears does not encourage 
sterility in cotton, a1 a.nv" rate in two pure strjiins, one Ixdonging 
to (7. herhaeeim n.nd n-notlKU' i-o tV. nefilectvm , It lias also been found 
during this 3 "ear that the same holds good for one or more strains of 
Dharwar- American cotton. This, however, does jiot prove definitely 
that self-fertilization is not the eause or one of the (*auses of 
sterildy in cotton. Other cottons ma}" behave differently, and. 
moreover, the same strains which do not show ain' increase 
in sterility ma}" do so it subject to selfing for a longer period. 
But this is also no sufficient reason to condemn self-fertilization 
as a ruinous thing. Natural crossing takes place more or less 
in all cottons, and if we do not take sufficieiit precautions against 
it. <‘ur special variet ies and strains aresuri^ in uin out and be lost 
to us in no time. All such cottons, therefore, should be selfed 
if they are to be maintained pun‘. and this should continue as long 
as no harm results from it. 

The cotton plant has some attraction for the cr(»ss-fertilizing 
insects, principally the honey bee, and these are in all probability 
valuable accessories. But we do not know what definite service they 
render to the plant. Unfortunately we have no cotton which is 
almost cnmplet-ely exliausted from continuous self-fertilization so 


^ Jijri-, Jour, hidia, XVI, Pt. I, pv 52. 
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that we can staidy the rejuvenescent influence of crossing on it. 
Crossing veiy often gives increased Vigour to the ltyl)rid 
plants. This, in certain crosses at least, is clue, to tlie cloininant 
nature of the F, generation. If a tall sparsely-branched 
cotton is crossed with a dwarf well-branched one. the residting 
progeny is tall and well branched. In this case the 
tallness and branching habit are the two dominants which 
together produce the effect. In fact, the Fi plants are not taller than 
the tall, nor more bi-anched than the branching paient. Similarly 
the vigorous appearance may be produced by other dominants 
constituting largei' leaves or bigger bolls. ( Cottons which are 
alike in all or most of their characters, however, do not show any 
improvement by crossing. We (•nee made a large number of 
inter se crosses with the object (*1 increasing the vigour but we found 
them to be in no way better. For the above reasons the beneficial 
influence of foreigji pollen seems to be highly doubtful. 

We have mtticed three kinds of sterility in many Indian 
varieties of cotton grow ing at Dharwar and have studied the extent 
of each in two pure strains, i ll' iC two are artificially crossed. 
Noav, if self-fertilization is the cause of sterility and natural cross- 
fertilization which is o(!casionally taking place is a cure, our crossing 
should do us .some good. The cross )vas accordingly examined foi- 
st erility, and it w'as found that the first form affecting the floral 
parts except the calyx w^as altogether absent in the parents and in 
all the generations of the cross during our period of observation. 
The second and third forms appeared to the same extent as the 
parents in the F, generation and to a greater extent in the F. and 
F;( generations. We have not seen all anthers of a flower 
being sterile in the two parents, but a number of such flowers 
are noticed in the second and third generations. This clearly 
shows that crossing has not hjssened the amount of sterility but 
on the contrary increased it in some generations. 

The increase in sterility of any kind causes, in general, a 
corresponding decrease in yield. But we cannot judge the amount 
of sterility from the yield as the latter is also dependent on other 
factors. The herbacevm parent of our cross is a better yielder 

4 
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than the neglectum. The bolls on the former are many and small, 
but on the latter few and big. In the generation the bolls 
are many as well as big, and consequently the yield is larger than 
that of the herhavenm strain. Anyhow the cross shows 
improvement as regards yield in the first generation. But this 
improvement is unfortunately temporary. In the very succeeding 
generation, the great majority of the plants fail to yield even as 
much as the nefflecUm. parent, and the crop on the whole appears 
very unproductive. The same is true for the F^ generation raised 
from the seed of good selected plants with tlie exception of few 
rows where the bearing is good and uniform. We thus see that, in 
the cross wff are studying, the Fi generation is stationary as 
regards sterility but there is a decided improve, ment as regards 
yield. The F.., and F;, generations show an incr(*ase in sterility 
and also a decrease in yield. 

The Cl •OSS is also interesting from another [)oint of view. 
We have noticed only three kinds of sterility in the ])arents, but 
in the and F,, generations a new form makes its appearance. 

'Phis is characterized by the pecidiar dark colour of the leaves 
which makes its detection easy in the early stage. The leaves, 
however, do not curl or become diminutive as in tlie first kind, 
but become thick and somewhat brittle. The individuals thus 
affected grow 12 to 15 inches high and then their progress sto])s all 
at once. The stem and petioles thicken and ev(m crack. Tin* 
branching is very sparse. The buds on the central stalk remain 
dormant or produce short and thick side-growths. Most of 
these plants do not flower. They jemain in the field till the 
advent of the hot weather when their leaves turn first yellow 
and then red, and they ultimately die. Jn some cases, however, 
few buds and flowers are seen, but they all fall. I’he plants are 
thus completely sterile and they die without producing any 
seed. 

This new kind of sterility, is not found to occur in the F, 
generation. In the F„ generation about 7 per cent, of the 
individuals are sterile. In the F, generation the extent varies 
in different progeny rows. Some rows are completely free while 
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others are badly affected. The following statement gives an idea 
of the variation in the first 10 rows of that generation. 


No. of progeny 

No. of plant n 

No. of Hterilo 

Percentage 

row 

in the row 

plantH 

of fiterility 

I 

94 

7 

7 -ft 

2 

Iftft j 

1 

9 1 

2 

1 m 

4 

4-2 

4 

i 44 

1 

2*2 

r» 

74 

7 

ft-r) 

a 

78 

1ft 

2or» 

7 

88 

ft 

00 

8 

ft:i 

ir, 

ifti 

ft 

Iftft 1 

ft 

ft-ft 

1ft 

fti 1 

ft 

ftO 


We do not know the eause of this sterility, but from the 
iil)normal colour of the leaf with which it is always associated, 
we can say that the colour-producing factors suffer in some w’ay 
during the process of IIk"’ red' ’tribution and the leaf is incapable 
of performing its functio properly. The colour of the 
herhnreiim leaf is yellowish green and that of neglectum dark 
green. The cross is more like herhacenm in the first generation. 
In the second generation there are many gradations, and we are 
not alile to distinguish them well. The one with wdiich we are 
concerned here shows that tic .'e is very little of yellow in it. 
The absence of this colour seems to be the cause of sterility by 
inducing the abnormities described above. 

The sterile plants die without seeding. There is also no 
fear of their pollen being carried to other plants as they rarely 
flower. But still sterility may continue to appear in any 
proportion. Some prolific plants of the F.., generation have 
thrown out their progeny, a large proportion of which is sterile. 
This shows that great care is necessary in selection. This 
sterility, however, is peculiar to the cross. We have made 
and examined a number of crosses mostly between herbaceum 
cottons but not come across with this or other new' forms of 
sterility in any generation. 

In conclusion, it may be stated that crossing does not cure 
sterility but on the contrary seems to encourage it to some 
extent as in the present case even by originating new forms 
not found in the parents. 
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THR GROWTH OF THE SUGARCANE. 

BY 

C. A. BARBER, O.I.E., So.D., F.L.S. 

IX. On Tillering. 

Tillering is the term usually employed to indicate the amount 
of branching which occurs in a grass during its first, mainly under- 
ground, period of growth. On this will depend the number of 
upright shoots produced during its second and final flower producing 
period. Tillering does not necessarily mean the number of canes 
maturing at harvest, for, as we shall see, there are a number of 
factors which limit the plant’s power to produce its maximum 
output : the control of these factors will make all the difference 
between good and bad planting. Given a piece of land and a certain 
variety of cane, we can obtain many or few canes, thin or thick ones, 
according to treatment. Tillering really means the inherent 
shooting capacity of the cane and this differs a good deal according 
to the variety and especially the group of cane grown. 

Of the characters of a new seedling which we wish to bring into 
cultivation, tillering is one of the most important, and figures are 
always recorded of the number of matured canes produced in the 
first year’s growth. But we only get an indication at first, and must 
grow it for several years before we can be certain that we have got 
the right figure. Often in the first year a seedling produces a very 
large number of branches but is disappointing later on, and the 
reverse may be the case. Of course much depends on treatment. 
For instance, when the first seedlings were obtained in India, they 
were treated with the greatest consideration and were planted in 


* Reprinted from Int. Sugar Jour,, September 1920. 
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large pits filled with prepared earth, as no suitable land was available 
for planting them out. It is not surprising that some of them 
produced between one and two hundred well-matured canes. To 
judge the tillering capacity of a new cane or seedling we must not 
only approximate as closely as we can to normal field conditions 
but also grow at intervals in each plot some of the well-known 
local varieties with which it is wished to compare it : this has now 
become the routine practice on the Clane-breeding Station at 
Coimbatore ; and, for fear that the unaccustomed energy of 
production from fertilized seed may be of influence, we prefer 
to grow the seedlings for several years under varying conditions 
before coming to a conclusion. 

On examining a batch of seedlings from the same parents, it is 
at once obvious that they differ in tillering capacity; batches from 
different parents also vary, as do the parents themselves. We are 
driven to the conclusion that this is a fundamental character in the 
variety, just as the thickness, Avidth of leaf, and the many other 
characters by which we distinguish them from one another. 
Perhaps the most important point to jioto, from the crop point of 
view, is that there seems to be a clo.se relation between the natural 
thickness of a (;ane and the number of canes per clump. And, 
although both of these characters may be profoundly influenced by 
trcatn\ent, for instaivce by wider spacing, there appears to be an 
inherent tendency for thinner cane varieties to produce more canes 
per plant. Thus, thick tropical canes produce fewer branches than 
thin Indian ones, and the latter vary greatly, not only among 
themselves individually, l)ut according to the group to which they 
belong. This is brought out in the figures obtained in the varietal 
plots at the Coimbatore farm, where the average number of canes per 
clump was calculated for each of the main groups of canes grown ; 
the following were the averages during one year : — Mungo group 
(average of 32 varieties), 16*10 ; Nargori ( 13 ), 15*10 ; Brown 
Saretha ( 13 ), 14*00 ; Sunnabile ( 22 ), 12*55 ; Pansahi ( 17 ), 11*00 ; 
Green Saretha ( 10 ), 9 * 50 . On examining the thickness of the canes 
in these groups we do not find any c.orrelation between it and the 
number of canes per clump : thus Mungo and Pansahi are among 
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the thickest, and Nargori and Brown Saretha are among the thinnest. 
But if we take the varieties in any one group we find some striking 
figures. The subjoined table is taken from a Memoir^ by the 
author where the whole question of tillering is somewhat 
exhaustively studied. The details were drawn from a comparison 
of the two groups, Sunnabile and Saretha, and had nothing to do 
with the subject under discussion when the measurements were 
taken. The table includes all the varieties in each group which 
were examined at the time ; the plants were grown together in 
adjacent plots under exactly the same conditions. 


Sabktha oroup 


Sunnabile oroup 

V'ariety 

Canes 

per 

clump 

Thick- 
ness 
in cni. 

Variety 

Canes 

per 

clump 

Thick, 
ness 
in cm. 

Chin 

29 

] 

Jo 

Kaghzc . . . . 

20 

1-6 

Saretha (arecn) 

28 

1*7 

Bansa . . . . 1 

1 

18 

1-8 

Khan 

24 

1-8 

Sunnabile . . . . 1 

! 

17 

1 

1*9 

HuUu Kabbu 

22 

1*9 

Naanal . . . . 

! 15 

2-1 

Gaiida C'beni (poor) 

16 

2*0 

Dhor (]»oor) 

1 12 

2-2 

Avkbaoe 

24 

1*8 

AvERAOh 

16 

1*:) 


From these figures, we sec that, in each variety, tlie tillering 
power varies more or less inversely with the average thickness of the 
cane. But another point is also brought out, namely, that for such 
comparisons we must confine ourselves to members of the same 
group : the Saretha group, judged by the few examples taken here, 
has a greater tillering power than the Sunnabile, for while the 
average numbers of canes per clump are 24 and 16 respectively, the 
average thickness of the cane is practically the same in the two 
groups. Saretha canes are usually thinner than those of the 
Sunnabile group, but independently of this the tillering power is 
greater. Tillering is one of the most striking characters which, 
taken as a whole, make up what we call the habit (or appearance) 

^ C. A. Barber. Studies in Indian Sugarcane , No. 4. Tillering or underground 
branching.'* Jfem. Dtpt. Agri. India, B(A. Series, X, 2, 1919. 
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of the plant, and the great groups of sugarcanes differ markedly in 
this respect. Another scries of observations made in North India 
compares the thick tropical canes, the half thick intermediate forms, 
and the thin Indian canes, and the relative tillering power of these 
three groups was as 5 to 7 to 12 respectively : so, while we may 
accept as a general principle that in cultivated canes thickness and 
tillering power are inversely related, we must also be careful not to 
neglect the inherent characters of the groups. 

When, however, we come to apply this knowledge, of the 
tillering power of different varieties of canes, to the number of canes 
reaped at harvest in the field, we are met with a number of difficulties 
and it will be necessary to consider these in some detail. There 
are a number of factors which limit the power of a cane variety to 
produce its full quota at crop time. In the first place there are a 
great many deaths during growl h. especially in the stages when canes 
are beginning to form : then the distance apart of the canes and the 
general trei.tment have a very decided influence, and we must find 
out what arc tin; causes of the influence of these factors and how we 
may try and control them, lloughly, tlic chief external influences 
on the tillering of canes are the light available, the moisture iji the 
soil, the character of the soil, and the amount of manure applied. 

Of tiu'se influences, there aj)pears to be little doubt that light 
is most iiu])ortant. 'J'his is unfortunately the only part of the 
('uvironjiienl' over which we have nol' control : there is so inucli 
light available for each S(]uare yard of land and we are powerless to 
increase it : we do not habitually' grow canes under the shade of 
the trees whicli can he cut down. 'I’he physical effect of light upon 
a grass is f.o press it down, to check the growth in length of its 
upright shoots, and thus to divert its energy into branching. Full 
light thus helps tillering, but, in a closely' planted field, once the 
available light on a given area is filled with cane shoots, all later 
arrivals are under a disadvantage, lead a struggling existence and 
often dwindle and die. The same effect is seen in a forest, for on the 
edges the trees are well propoi ti«»ned and spreading while in its 
depths they are tall, slender, and thin, or if unable to reach the top 
remain stunted and unhealthy. It is always idle to judge of the 
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number of canes in a field by counting the number of shoots per 
clump in the outer plants. 

Perhaps the deaths taking place in a cane field have received 
insufficient attention in the past : when all is said and done, they are 
not good for the plant and use up a great deal of energy which 
might be more usefully employed. Let us examine some of the 
figures that have been published. Stubbs in 1894-96 calculated, 
from a careful examination of the Purple and Striped Louisiana 
canes, that the deaths among shoots formed 58'9 per cent, of the 
whole output in 1894, and 56‘9 per cent, in 1895. In Java, Muller 
Von ('zernicki counted the shoots existing at different periods of 
gro^^'tJl in several varieties. In Cheribon there were 120-180 in the 
different plots at fiO days from planting but only 60-70 after 160 
days. In J. 247 there were 160-240 shoots at 60 days and 90-100 
at 150, while the figures foi’ P. O. J. 100 were 100-170 and 82-86 
respectively. Another observer of J. 247 found that, while the rows 
had 300 to 400 shoots (in one case 415) when three months old, at 
eight months they had only 110. It is obvious that there is far 
more light dtiring the earlier periods of the cane’s growth, and a far 
greater number of shoots are then encouraged to grow out from the 
sleeping buds than can be permanently maintained; The air move 
freely through the leaves, the soil is adetjuate ana mamires and water 
can be added to meet all retpiirements : it is light alone which we 
cannot increase. 'J'his heavy mortality has only been fully studied 
in the thick tropical canes ; our observations made for several 
years at Coimbatore would secjn to indicale that there arc nothing 
like so many deaths among the Indian canes during their growth. 

Anything tending to the growth of a healt.hy cane, plant has its 
effect on tillering, a fact which every careful observer has no doubt 
noted. The amount of air, food, and water available, therefore, 
has its influence. In a cane field it may often l)c noticed that 
particularly large bunches of canes are met with here and there, and 
many lessons may be learnt from a study of these. Where irrigation 
is employed, t he bunches are usually bigger along the sides of the 
water channel : and tliis suggests that the duty of water has not 
been sufficiently studied. Low-lying places in heavy soil generally 
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produce stunted, unhealthy plants with few branches : aeration of 
the soil is a limiting factor in the growth of the sugarcane and 
therefore in its tillering capacity : where irrigation is practised it is 
especially necessary also to see to the adequate drainage unless this 
is naturally provided in free self-draining soils. In places where 
manure heaps have stood, great bunches of cane may be observed 
and such spots may often be marked from a distance, because the 
canes are higher and of a darker green. In all of these cases it is 
seen that a proper treatment of the soil will assist the cane in its 
tillering power, and the point is here emphasized because one worker 
in Java (Struben) has thought lit to construct an elaborate argument 
to the contrary. Killian, in Java, has ])ublished an interesting 
paper on the results of his experiments on the influence of various 
manures on tillering, and has sJiown that it is greatly increased if 
suitable manures aie employed ; of all that he tried the palm is 
given to well-rotted pen manure. Here we have moisture conserved, 
the ground aerated, nitrogen- forming bacteria encouraged, and 
other irccessary salts added. 

The amount of light, present a)id the quantity of suitaOle food 
available are thus of immediate efl'ect on tillering, and the best way 
in wliich to regulate all of these is by a proper system of spacing. 
The accurate placing of the plants in the field is often the key to the 
whole situation. Spacing experiments have been made wherever 
the sugarcane has been grown, but too often the results with one 
variety and soil have been taken as a standard without proper 
consideration of the fact that there should be a series of gradations 
dependent on the individual field and the kind of cane planted. 
In this matter there is inexhaustible scope for experiment on every 
plantation, and the maximum output caimot be considered to have 
been obtained until the matter has been thoroughly threshed out. 
Let us consider some of the results obtained in these experiments, 
as a sample of the work to be done. In the Godavari delta, in 
Madras, where only thick tropicial canes can be profitably grown and 
where immense yields <ian be obtained, it was the custom to plant 
the sets at the rate of 25,000 or more to the acre. Tops are not 
usually available, as these are the perquisite of the owners of the 
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cattle hired for milling, and the cutting up of whole canes is an 
important item in the farm budget: the cultivator was willing to put 
by from 30 to 40 rupees per acre for seed cane. One of the first 
experiments in tlie Samalkota farm in tliis area was therefore one on 
spacing, sets being planted from 4,000 to 30,000 to the acre ; the 
result showed that from 1 2,(t00 to I. '>,000 w<'re ample for the highest 
yield, with variations according to the kind of cane planted. This 
single experiment has resulted in the saving of something like 
20 rupees per acre. Stubbs, in Louisiana, laid down a series of 
experiments in 1 892-94 in which he planted the sets in 5 ft. rows and 
0 in., 12 in. and 18 in. apart in the row. I’he following table gives 
his results. 


Spacins; in the* 

[ 

Nunilwr 
of St* Is 

(March) 

Shoolb 111 
June 

ShootH at 
harvest , 
(October) , 

Averajfe 
weight 
of each 
cane 

Tonnag. 


11 ). 



Ih. 


0 ill 

17,hOh 


riihorio 1 

217 

j2'.M 

12 in. j 

S,S0O 

r.ijHH 


2*41) 

41-00 

I'l in. 

5,S«)(1 

:n,2:fo 

2ih()70 1 

2-r)0 

j 37-24 


The wider spa,cing produced more shoots per pla)it and to 
a greatrir extent more canes ])er clump at h.'irvest. ; there were 
however fewer canes reaped ]K*r acre and, although tluise were 
heavier. the tonnage was iilso less. When' jdanting niateriiil is 
abundant, i lose planting would thus ajtpear to be more profitable, 
lint the dift’erence between (> in. and 12 in. })lots is so small that one 
wonders whether a 9 in. sjiacing rvoidd not quite equal a 0 in. The 
numbers of deaths shown in the table is arresting, especially in the. 
closer planted rows, but it is difficult to see what can be done to 
prevent this, in Java where the cost of seed cane is relativelj’^ high 
because of the necessity for nurseries at a considerable distance from 
the estates, the rvhole quest ion assumes a different aspect, and the 
spacing experiments have been conducted in much greater detail, 
much information having been accumulated as to the tillering 
power of the different varieties on different fields, but a study of 
this work would take up too much space in this article. Some 
details may be found of the Javawoikin the. Memoir quoted above. 



NATIONAL PHYSK'AL LABORATORY TRACTION DYNAMOMETER 
FOR AORK’OI.TURVL TRACTORS* 


BY 

J. H. HYDE, A.M. Inst. (IE.. M.I.A.R., A.M.I.M.E. 

In the summer of 1919 the TjsiLoiatory was ap])roached by the 
Society of Motor Manufacturers and 'J’rades with a request, for 
assistance in the recording of draw-bar })ulls of agriculDiral tractors 
at Lincoln in September of that year on the ground that no suitable 
British-made draw-})ar provided with recording apparatus was 
available for the purqrose. It was required that, the draw-bar in these 
trials should be attached to the forward lurrrtable of an ordinary road 
trailer Avhich would be loaded and Inakc'd on tire rear wheels in order 
to provide sufficuent road resistance to enable tire maximum draw- 
bar effect of the tractors to be determined. In the arrangement 
adopted the pull of the tractor was trarrsinitted through a bell-crank 
lever to a leather diaphragm fitted to a box containing water. Ihc 
diaphragrn box was connected by a fh'xible pijre to a r'ecoiding 
pressure gauge actuating ti. ])e.n. 'Phe motion of t he recorder 
paper was produced by means of g<‘-aring from the front wheels of 
the tractor. 

In the present year the Laboratory received a similar request from 
the Koyal Agricultural Society of England in conjunction with the 
Society of Motor Manufacturers and Traffes in connection with the 
measiirement of draw-bar j)ulls and speeds of trac-t.ors under ploughing 
conditions at the trials to be held at Lincoln in September-October 
1920. The Executive (^ommittee of the Laboratory agreed that all 
possible help for the successful carrying out- of the trials should be 


* Rfprintecl from Ktigineeriuy, dated 2Uth November, 1920* 
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given by the engineering department and a special dynamometer was 
designed and constructed at the Laboratory for the purpose. 

The design of the instrument was influenced by the necessity of 
producing a dynamometer which would be capable of measuring and 
recording the draw-bar pull and speed of a tractor engaged in 
ploughing special consideration being at the same time given to the 
fact that it was undesirable to separate the tractor and plough by 
apparat\i8 which would in any way interfere with the proper 
working of the plough or with its control by the tractor 
driver. 

For the purpose of competitive tractor trials, the dynamometer 
would be required for use with many difierent makes of tractors 
and ploughs, and it could not be guaranteed that a suitable position 
for apparatus could be provided on either ; further it was desirable 
that the dynamometer should be cu.pable of being quickly attached 
to or deta{!hed from one tractor and transferred to another. In 
consideration of these requirements it was decided to separate 
the dynamometer proper f^'orn the recording instiumcnt and to 
place the latt(*r on a light-wheel carriage wliich would be either 
wheeled or towed alongside the tractor under test. 

Tuk dynamometer. 

An elevation and section of the coupling between the tractor 
and plough are given in Figs. J and 2. It consists Of a cylinder and 



plunger, the former being attached to the draw-bar of the tractor 
and the latter through links , to the plough. The pull on the coupling 
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sets up a pressure in the oil confined in the cylinder, and this pressure 
is transmitted to a recording pressure gauge 
a flexible hydraulic tube. The best 
flexible tube which could be obtained would 
safely withstand an internal pressure of 
one ton per square inch without reduction 
of flexibility, and as the dynamometer 
was required for pulls up to three tons, 
a diameter of plunger of approximately 2 in. 
was, therefore, necessary. 
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The cylinder was made of steel and tlie plunger of bronze, the 
clearance between the two was made 0-(X)l in., and the plunger was 
provided with a very thin packing ring of oiled leather. In order 
to avoid a gland the draw-bar pull was converted to a thrust 
on the plunger by means of the link.s L, I4, and the pins P„ l\. 'Hie 
thrust on the plunger is transmitted through the second plunger 
E, which is suitably guided in a continuation of the cylinder, and the 
connection between the two plungers is a loose one in order to allow 
the larger plunger to float freely in its cylinder. The pin P, 
passes through the slots in the guide-piece. 

The connection to the tractor draw-bar was made in such a manner 
that the cylinder could not rotate, but t he opposite end of the dyna- 
mometter was provided' with a swivel attachment for the plough. 
A rubber cover over the front portion served to exclude dust and grit 
from the interior of the cylinder. 


The recording instrument. 

The recording instrument was mounted on a two-wheeled carriage 
which was towed by the tractor, a suitable hitch being made to prevent 
damage to the connecting hydraulic tube. Fig. 5 shows the general 
arrangement of the carriage and Fig. 0 of the recorder. The latter 
consists of a standard Schaffer and Budenberg pressure recorder 
considerably modified for the present purpose by the addition of 
a second Bourdon tube, a clock, and paper driving device. The 
recording paper is driven through gearing and a chain drive 
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from one of the carriage wheek, and three speeds of the paper are 
provided for, namely, 1 in, of travel to 100 ft. ; 50 ft. or 10 ft. motion 
of the carriage over the ground. The speed change can be made 
while running if desired. As the recorder proper rests on thick felt 
pads, the final drive is made by means of a leather vee belt adjust- 
ment of the tension of which is provided for. The hydraulic tube 
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from the djmamometer is connected to a small valve-box V, Fig. 5, 
by which the pressure can be diverted to either of two Bourdon 
tubes 1 and 2, shown in Fig. 6. 

The motion of the end of each Bourdon tube is magnified by the 
pen mechanism 4, whicJi is such that the travel of the pen is 4 in. 
for a maximum draw- bar pull of 4,000 lb. using tube No. 1, and 
3f in. for a maximum pull of 7,000 lb. using tube No. 2, The pen 
meclianism can be transferred to either tube by transferring the 
screw 7, which forms the link pivot ; the change can be effected 
during a test if required. 
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A clock 3, shown in Fig. 6, is provided for indicating time on 
the record paper. An electric-al contact is made at equal 
pre-determincd intervals of time wliicli can l)e varie<l from 
2 seconds to G seconds, and tlie pen 5, w'hich normally draws a 
straight line, is momentarily moved to one side when the contact 
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1ak(!s place. A rolmsi escapement for the clock is provided, and 
was found in practice to work extremely well, l.here being ?io 
apparent variation in the lime intervals recorded, or in the total 
time even when the cari’iage was travelling over very rough ground 
and subject to much shock. In order that the number of lime 
intervals indicated may be readily counted, every fourth contact is 
missed. This will be seen in Fig. 7. I’en G is ])rovided for 
recording revolutions of the tractor engine, or of the tractor driving 
wheels, and is identical with pen 5. 

An oil pump taking oil from a small reservoir plac<!d under the 
carriage, serves to prime the dynamometer and recorder. This pumj) 
is shut off when the apparatus is w’orking. It will be observed that 
the measured distances on the chart betw'cen indications of equal 
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time intervals are directly proportional to the speed, because the 
travel of the paper is proportional to the distance travelled, 'llie 
average speed for any interval of 5 seconds can, therefore, l>e readily 


Hfi- 7. SATIONAL PHYSICAL LABORATOKY. TRACTION DYNAMOMETER CHART. 

BojU ... 

Jfamat of TYtLctor 
“ 'c oT Plough 


of Plough 
DeoaipUonarU 


jpUonorLatut 

Mean ^ee4l 
Mean PraMT bar Horae Power 


July 1920 . Oboerrer 

’‘CLAuc" H.B urfard&CT _ 

Mait8omea,iSunsStJefft^ SFurrow3,SelflA/t.pUm^ujng107lUa6l>^. 

Light 

MHes per Hour Mean Draw bar Pull . Pounds 

McLjdnvuttL swttabvnd. Draw barPuIL Pounds 




obtained, and the curve of speed plotted on the (hart.. When the 
speed is low and variable, tliis method for recording is yrreferablc 
to using a centrifugal iiustrument. 

{Calibration. 

The apparatus was calibrated by direct loading. The dynamo- 
meter (umpling was hung from a crane hook and supported a cradle 
carrying a dead load which was increased by 500 lb. at a time. The 
indications of both pens were taken in turn and were found to agree 
precisely with those obtained by calculation from the oil pressure 
and the sectional area of the cylinder. When the load was 2,000 lb. 
a shift, of the pen point of 0‘01 in. could be clearly seen due to a 
gently added load of 10 lb. It was necessary to provide a small 
tapping device, consisting of the essential parts of an ordinary 
electric bell, to free the pen mechanism in order to enable it to 
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record so small a load, but it was not necessary to use this during 
a test because the motion of the recorder carriage itself provided 
sufficient vibration for the purpose. The calibration left no room 
for doubt that the friction of the packing leather of the plunger in 
the dynamometer cylinder was small enough to be neglected. The 
sensitivity did not appear to be materially affected by the use of 
thick oil in the cylinder, and consequently for ploughing tests on 
stony ground or stiff land where the pull is very variable, it is 
advisable to use thick oil in order to damp the vibrations of the 
recording pen. Fig. 7 is a specimen of the dynamometer chart, 

1 educed in size, obtained fj’oin a tract-laying machine drawing a 
tihree-furrow plough in light loamy soil. 

In this test the speed of the. tractor was purposely varied i*^ 
order to ascertain the variation in draw-bar pull. The chart 
indicates an increase in draw-bar i>ull from 150 lb. at. 1-2 m.p.h. to 
1,250 lb. at 3‘05 m.p.h. The speed curve has been plotted from 
the time intervals and distance recorded. 



FINAL RKPOUT OF TliK OIIAIN RESTS (WAR) (X)MMITTEE 
APROINTEIJ RY THE ROYAL SOCIETY. 

In JiUK!, J9J6, the Council of the Royal Society appointed a 
( Lain F’ests ( 'ommittee with Prof. W. A. FTerdman*, F.R.S., 

as Chairman, to make investigations “ in relation to the damage 
done to grain by insects.” In addition to the scientific experts 
appointed by the Royal Society, the ('ommittee included representa- 
tives of the Board of Agriculture, the milling trade and the Local 
Covernment Board. Since 1916 the Committee have prepared 
a number of very valuable reports which Avere luiblished by the 
Royal Society. The final report, No. 1 0 of the series, which has been 
drawn up by the t'hairman, gives a summary of all tlie work carried 
out. As it contains a mass of information of general interest to 
workers in India, Ave rejAroduce Pn)f. Herdman’s summary in full. 

Sl'MMARY OF RESEARC'HKS AND AMIRLICATIONS. 

'rile Committee has issued two series of publicat.ions : — (1) Six 
“ Memoranda *' AAdiicIi were intended to be teanporarv and jirovi- 
sional, for the purpose of making known speedily from time to time 
to the ( buncil of the Royal Society, the Royal ( ■ommission on Wheat 
Supplies, our corresponding committees in the Cblonies. and other 
interested bodies, tjie progress of the investigations and any conclu- 
sions arrived at ; and (2) ten “ Reports ” of a more detailed and 
permanent nature and which for the most part sujierseded the 
“ Memoranda.” 

Memorandum No. 1 (July, 1917) dealt Avith current vieAvs as to 
the damage done to stored grain and flour by insects and mites, and 
drew attention to the methods of prevention adojited in the United 
States and Canada, viz., the application of moderately high tempera- 
tures, and in India, where the grain is passed at intervals oA'er a 
current of air so resulated as to remove the adult weevils and 

( 424 ) 
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damaged grain. It was pointed out also that low temperatures and 
diy conditions are unfavourable to grain insects. 

Memorandum No. 2 (December, 1917), l)y Miss H. M. Duvall, 
was the first of a series of publications by Prof. Newstead and his 
assistants, dealing with their investigation of the grain mites. 
These investigations recorded the species of Acarida concerned, the 
nature of the resulting injury to tlie grain and flour, the conditions 
under which the mites live and multiply, the sources of infection and 
practical methods of prevention. As the later Reports (Nos. 2 and 
8) by Prof. Newstead cover the Avhole field of investigation, no 
further summary of this Memorandum is necessar}’. 

Memorandum No. 3 (January. 1918) was a report, drawn up by 
the Chairman to the (\nincil of the Koyal Society, on the progress of 
the work. 

Memorandum No. 4 (December, 1918), the second Memorandum 
on mites by Prof. Newstead and Miss Duvall, consisted largely of a 
reprint of i/he economic and experimental section of their Report 
No, 2, issued in this form for convenience of circulation to millers, 
at the request of Mr. A. P]. Humphries. A large edition, illustrated 
V)y plates showing the characteristic appearance of the ravages of 
acarids in grain and in flour, was printed off and distributed to tin? 
trade at the request of the Incorporated National Association of 
British and Irish Millers. 

Memorandum No. 5 (March, 1919) was an interim re])OJ t to the 
Council of the Royal Society, drafted by Mr. PVyer at the request of 
the Committee, for the purpose of making suggestions as to future 
grain pests investigation in this country. This Memorandum was 
forwarded by the Council to the several Government Departments 
concerned. 

Memorandum No, 6 (December, 1919). by Mr. H. R. Rath bone 
of the Royal Commission on Wheat Supplies, was prepared for the 
special purpose of laying before the (committee the methods and 
results of the Australian experiments imder the following circum- 
stances : — 

In the Spring of 1917 , after consultation with this Committee, 
the Royal Commission on Wheat Supplies sent an entomologist 
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(Prof. Maxwell Lefroy) and a business man (Mr. K. A. Love) to 
Australia to investigate and repoi-t. upon the condition of the vast 
supply of grain accumulated there. On their return the Koyal 
Commission suggested that it might he advisable that the Grain 
Pests (^ommittee should hear and discuss the Australian results. 
The ('ommittee appointed a spe(*ial meeting for the purpose, and 
as it was found impossible to secure the presence of Prof. Lefroy, 
through the kind offices of Mr. Hugli Rathbone (a member of the 
Royal Commission) Mr. Love attended the meeting and laid before 
the Committee a detailed account of the observations and remedial 
measures, illustrated by photographs and plans of the machinery 
adopted for freeing f.he stored grain from insect pests. The 
Coinmittee invited Mr. Love, to put his remarks in writing for 
publication, but at Mr. Love’s request the account which the 
Committee issued as their Memorandum No. 0 was written by his 
colleague, Mj'. Hugh Rathbone. In addition to the descriptiem of 
the Australian results, this Memorandum coutaiiied some general 
remarks upon the effect of pests upon grain whic.h, coming from a 
leading member of the grain trade and a member of the Royal 
Commission, were of interest in connection with the work of the 
Committee. The metliods adopted in Australians a resulf. of the 
Royal Commission’s investigations were, iji brief, (1) fo temporarily 
seal \ip the more lieavily infested h»ts with a covering of malthoid 
and to pump in carbon dioxide. The wheat was then left until 
such time as it could be more effectively dealt with by (2) 
passing it through a heated sterilizing chamber at a temperature 
of 140“ — 145° F. For further details'of the luachijiery and methods 
reference, must be made to Memorandum No. 6. 

Report No. 1 (May, 1918) recorded in detail Riof. Dendy’s 
first series of experiments on the effect of air-tight storage upon 
grain insects. The object of this and succeeding reports by J^rof. 
Dendy and his assistants was to provide definite experimental 
evidence with regard to the effect of henuetical sealing upon w'ee vils, 
ao as to test the scientific basis for the native practice in India and 
other parts of the world of storing grain in underground more or 
less air-tight pits. Opinions have differed in the past as to whether 
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any ventilation is necessary for the existence of grain pests, and as to 
whether the immunity of such stored grain from weevils is due to 
the absence of oxygen necessary for the respiration of the insects or 
to the lethal effect of the carbon dioxide produced by the 
respiratory processes both of the weevils and of the grain 
itself. 

The eleven experiments, differing slightly in character, described 
in this report, all demonstrate the lethal effcit^t of hermeti(!al sealing 
upon tJie weevils C<tlmidra ;fr<in(irla and C. lyrifzn'., but further experi- 
mental work seemed necessary in order to determine what factors 
were at work in producing the lethal effect. Prof. Dendy claims 
that wit hin the limits of a wide range of conditions as to temperature, 
moisture, and degree of Aveevilling. hernietical sealing is a very 
effective method of dealing with (he weevil problem ; and that 
when once the initial difficnilties of »;onstruction have been 
surmounted the method of air-tight storage seems likely to prove 
extremely v-'.luable wJierev(*r largt* (juantities of grain have to l)c 
stored for long periods, especially in warm climates. 

Report N(t. 2 (October. IWIS) is mainly occu])ied witli a detailed 
acc(»unt by Prof. Newsfead a«id Miss Du vail of the acarids of stored 
grain and flour. But it also contains t wo Appendices, one on Ihe 
bacteriology of some samples of damaged flour by Dr. J. M. Beaftie, 
Professor of Bact.eriology in the University of Liverpool, and the 
other by Mr. Humphries, member of the Royal Uommission, record- 
ing some experiments on the introductitm of mites into flour of 
known coni})osition. Most of this work on mites was carried out in 
the University of Liverpool, supplemented by observations at the 
docks. Liverpool is the chief port of entry for ('anadiaii wheat, and 
it is also the largest, storage and milling port in tJie United Kingdom. 
Hence it is possible, in addition to work in the laboratories, to survey 
the wheat in ship, granary, and mill, and also (what is of special 
importance in an investigation of tliis kind) to keep in constant touch 
with the practice and requirements of the trade. 

Four species of Tyroglyphid mites were found in the grain, by 
far the most important being Aleurol/ius farinw, which is also 
the only mite found up to that time in flour. This mite is 
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respon&ible for most of the damage to both wheat and flour in the 
Liverpool granaries. 

The chief conclusions anived at in this Report are : — 

1 . Mites will not injure wheat and flour in which the moisture 

is 1 1 per cent, and under, whatever the temperature 
may be. They may flourish and increase exceedingly 
when, the moisture is over 13 per cent. 

2. Given favourable (to them) moisture conditions, increase 

is veiy rapid at temperatures between 60° and 76° F., 
less so between 60° and 60° F., while between 40° 
and 60° F. increase is slow. 

3. The remedy for mite-infested wheat is to screen it 

tlioroughly, in order to remove as many of the mites as 
possible, and subject it to some treatment whereby the 
excessive moisture is reduced, such as a blast of hot 
air followed by cooling. 

4. The injury to flour is much more serious and much less 

readily combated than in wheat. Flour which is 
lieavily-infested is unfit for human consumption. 

Frofessor Beattie examined some samples of badly infested 
flour and isolated three organisms — a coccus and two bacilli- - 
which seemed to be concerned in causing the damage. 'Plie bacterial 
degeneration of the flour only takes place when a certain amount of 
moisture is present, and the bacteria are probably introduced by the 
excreta of the mites. 

In Report No. 3 (November, 1918) Prof. Dendy and ' 
Mr. Elkington gave the results of their further experiments on the 
effect of air-tight storage on grain insects. They produced further 
evidence as to the efficacy of hermetical sealing, and extended their 
observations to the immature stages of the species of Calatidra 
and also to certain other grain beetles, and the notorious flour 
moth Ephestia kuhniella, and they found that all these insects are 
aestroyed by hermetical sealing under the same conditions as the 
grain weevils. In the same Report Prof. Dendy recorded a series 
of experiments showing that the two small grain beetles Triholium 
emtaneum and Siloanus mrimmemis, although frequently found in 
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damaged grain, are unable to attack sound wheat. They are 
apparently only “ secondary ” gi'ain pests, feeding upon the debris 
produced by the attacks of weevils, and incapable themselves of 
injuring sound grain. 

Prof. Bendy also notes in this Report the great attraction 
which water had in his experiments tor certain species of weevils. 

In Heport No. 4 (April, 1019) Prof. Bendy has two short notes. 
The first, on the plienomenon known as “ webbing ” in stored grain, 
which he showed to be due to the spinning of silk by the larvae of a 
very destructive insect, E pheMia elidella, and possibly also by other 
insects. 

The second note is on the occurrence of live insects in tins 
supposed to be lierinetically sealed. It was sliown that tins, 
supposed to be “ intact,” which contained live insects, when tested 
for leakage l)y plunging in hot water, showed escape of air-bubbles 
and were not really air-tight. This note is claimed to prove that 
the sup])Oi-ed power of some insects to remain alive indefinitely in 
hermetically sealed tins is a fallacy. It also shows the importance of 
testing such tins for leakage before they are put in store. 

Report No. 4 contained also the result of the work by Br. Edkins 
assisted by Miss Nora Tweedv, on the effect of various gaseous 
reagents upon the flour moth {EpheMia kuhniella) and other insect 
pests found In flour. The ga.ses experimented with included 
formaldehyde, sulphur dioxide, ammonia, ether, alcohol, extracts of 
“ Keating ” and ozone. For various reasons all were found unsatis- 
factory with the exception of ozone. The experiments with this gas 
are given in detail, and the following Conclusions are drawji : 

Ozone appears to prevent development of Ephestia in flour in 
concentrations of about 50 in a million, if delivered in dry air, for 
the following reasons : - 

1. It tends to destroy the moth, though not to kill the 

larvfe to any appreciable degree. 

2. It appears to inhibit the transformations. Though the 

animals may not be destroyed they seem to be deprived 
of their normal powers of continuing development 
(absence of cocooning and egg-laying). 
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3. The presence of ozone in the air in a concentration of 
more than five in a million would be injurious to 
human life. It could therefore be used in closed 
circuits in perhaps 50 in a million, but not in the air to 
be breathed by man. 

Report No. 5 (July, 1919) deals with the prevention of heating 
in wheat by meam of air-tight storage, by Prof. Dendy and 
Mr. H. 1). Elkington. 'fhe argument used is, that as the “ heating ” 
is due to processes of fermentation which depend upon the presence 
of oxygen, total deprivation of oxygen sucth as occurs in air-tight 
storage must result in the prevention of heating. The experi- 
ments described in the report demonstrate that “ heating ” of 
wheat does not take place in hermetically sealed vessels under the 
conditions given, and it is fairly safe to argue that it could not take 
place in large masses of grain in air-tight storage. 

Report No. (i (January, 1920) contains the third and final })art 
of the work by Prof. Dendy and Mr. Elkington on the effect of 
air-tight storage on grain pests. It consists of a very comjJete and 
detailed physiologic.al and chemical investigatioji of the causes and 
acconipanying conditions of the lethal effect observed. Tin* chief 
conclusions arrived at are as follows : ■ 

1. Grain insects sealed up in air-tight vessels, with or 

without, wheat, succumb as soon as the oxygen has 
been used up, a corresponding amount of (tarbou 
dioxide being produced. 

2. J'he only gases present in such sealed vessels, under 

normal conditions, are oxygen, nitrogen, and carbon 
dioxide. 

3. The amount of carbon dioxide given off by live wheat in 

air-tight vessels varies directly with the moisture 
content and the temperature. 

4. The complete absence of oxygen is alone sulfituent to kill 

weevils without taking into a(;count the presence of 
carbon dioxide though they are able to remain alive 
for a considerable time when only small percentages of 
oxygen are present. 
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5. Carbon dioxide exerts a poisonous effect upon weevils 

apartr altogether from the question of. diininishefl 
oxygen pressure. Thus at 30®-31®C. Calandra oryz<r, 
was killed in less than twelve days in an atmosphere 
containing from 14'08 to 22’56 per cent, of CO^, 
though 13*88 per cent, of Oo still remained. 

6. Pure (moist) carbon dioxide is less fatal in ite effects than 

carbon dioxide w’ith a simill admixtiu-e of oxygen. 

7. Pure (moist.) carbon dioxide acts almost instantaneously 

as a narcoti(‘. under the influence of which weevils 
may remain motionless for a long time without losing 
their power of recovery. 

'Phe Peport terminates with a general discussion on the eflicaev 
and advantage of air-tight storage for ccueals. i?i which it is pointed 
out that it is highly desirable, as a sequel to the laboratory experi- 
ments, that, the ])iacticability of the method should be tested on a 
comme cial scale. 

The advantages of ai r-tight storage are summed up as follows : - 

1. It .sterilizes the grain by destroying insects in all stages, 

or other vermin which may be present. 

2. It prevents, absolutely, the access of insect, ajid othei" 

vermin. 

3. It ])revent8* even grain with a high moisture content 

from becoming mildewed, as we have shown by 
experiments ne^t described in these reports. 

4. It prevents even grain with a high moisture content from 

heating (but it. does Jiot prevent tlie development of 
acidity, due presumably to anaerobic fermentation, if 
the moisture content is excessive). 

5. it prevents the absorption of moisture from the atmos- 

' phere, so that grain, if stored dry, will remain dry. 

(>. It saves labour and expense by doing away with the 
necessity for turning the grain over, or running it 
from one silo into another, in order to prevent heating. 
For further details both as to the conditions and results of the 
experiments, and also as to the practical applications to the storage 
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of grain in large quantities reference must be made to the Report 
(No. 6) itself. 

Report No. 7 (January, 1920) contains the last part of the 
laboratory experimental and bionomic work by Prof. Dendy and 
Mr. Elkington, and deals with the vitality aiul r.ate of multip]i('atiou 
of the grain weevils CaUvndra and Hhizoperfha under various condi- 
tions of temperature and moisture. J n C. oryzrr they find an intu-ease 
of as much as 700-fold iu 10 weeks, at an average temperature of 
82'5°F., which may be regarded as the optimum temperature ftir the 
breeding of both species of grain weevils. In both species also the 
lower limit for breeding is about 0o“K., and multiplieai ion in this 
country takes place only during the warmer months. 

The summary of results from these (^xjM'iiments and 
observations includes the following; 

1. I’nder suitable conditions of temperature and moisture, 

and with an abundant supply of wheat. Calandrn 
(mjz(v and C. yrmmria show a very high I’at e of increase 
and breed all the year round. 

2. ^rhe optimum temperature for the breeding of Cahtndnt 

ori/Z(r and C. (frunmia is about 82° F., for Jihizo^mtha 
dominlca somewhat liigher. 

3. .\t all temperatures, and under all conditions when 

breeding takes place at all, Calaudra oryztr increases 
much more rapidly than G. grauaria, the maximum 
observed for the former species being a 70t)-fold 
increase in 16 weeks, at an average temperature of 
S2’o°F. For this reason C. oryzw is a more serious 
danger than C. yrmiuria, unless, ijuleed, in this country 
the higher rate of increase is counterbalanced by the 
higher deatli-rate of the adults in winter. 

4. At ordinary room temperatures iji tliis country both 

Calandra oryzm and C. granaria multiply only during 
the warnaer months of the year, the lower temperature 
limit for multiplication being probably about 
C5°F., while for Rhizoperiha it is probably about 
70'’F. 
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5. At ordinary' room temperatures nearly all adults of 
Calandra oryzcp are killed off during the winter, l)ut 
large numbers of larva* survive iii the interior of the. 
grains. The adults of C. gnitiaria. on the other hand, 
survive the winter in large numbers, the death-rate 
being little, if any, higher than at other times of the 
year. 

G. The adults of the three species show r(>markable 
dif¥eren(*es in their susceptibility to cold. After 
being kept at a temperatiu’e of 3.3 ' — 3G ’F. for 11 
days, 91 out of 100 V. yrattarla recovered, onlv 
three out of 100 C. orgz<r showed very feeble signs 
of life, and none out. of 100 Rlnzoj)ertha dnniinica 
locovered. 

7. lihizopertha doniinica is h*ss suscept ible to liigh tempera- 
tures than tlie two we<‘vils, the lethal temperature for 
an exposure, of three minutes being about 14G''’F. for 
t he former and between 120“ and 131“F. for the latter 
(in the adult condition). 

S. An exposure to a t emperature of 1 4o';j“F. for five minut.es 
is sufficient to kill the larvic of (!. oryzw and probably 
t.o sterilize the wheat completely as regards all insect 
life. 

9. Although a moist atmosphere is undoubtedly more 

favourable than a dry one for the two weevils, both 
species can live and multiply in a dry iiw.ubator, 
C. oryzw increasing much more rapidly than C. 
gratutria, provided the initial moisture content of the 
grain* is sufficiently high. 

10. Very dry wheat is less liable to attack by weevils than 

wheat with a moderate or high moisture content, 
fmt wheat readily absorbs moisture i}i a damp atmos- 
phere, and thereby becomes much more susceptible to 
weevilling. 

11. Rhizopertha can withstand dry conditions better than 

either of the two weevils. 
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12. Cahndra oryzoB and C. gramria are both likely to he 

serious pests in this country, hut little is to be feared 
from Rhizopertlm dominiea under ordinary tempera- 
ture conditions. 

13. Jn addition to the damage done by actual consumption 

of the grain, the presence of weevils results in 
extensive fouling with fsncal matter encouraging the 
absorption of moisture and the ultimate rotting of the 
whole mass. In large quantities of wheat the 
process of decay is doubtless ac^celorated by rise of 
temperature due partly to the pn^seuce of insects 
and partly to “ heating of the wheat. 

Report Mo. 8 (October, 1920) gives the continuation of 
Rrof. Mewstead’s work, assisted by Mr. TT. M. Morris, in whic.h he 
discusses the mites found in stored grain and flour at Javerpool 
under the heads (1) Morphology and Bionomics and (2) Kconomic 
and Experimental. He finds that in addition to Akurobius faritwo 
discussed in his first repoit. two other mites, Tyroglyphm loM/ior and 
Hisiiogaskr entotnophayuSf are of primary iinportaiuse. as they are 
capable of causing considerable damage to stored floui'. 

The other chief conclusions arrived at ar(5 as follows 

1. A relatively high moisture content, in both wheat, and 

flour is essential for the existence of the various 
species of ac-ari. 

2. J’reventive measures are far mor(^ satisfactory t.han 

remedial measTires. 

3. Attacks by mites may be prevented by slorijig only flour, 

the moisture content of which is below 1 1 per cent, in 
the temperate zone, and a much lower percentage in 
tropical countries. 

4. The storing of uninfested flour in hermetically sealed 

receptacles would no doubt be efficacious if properly 
carried out ; but our experiments show that if 
the flour is already infested with mites some may 
survive even after hermetic sealing for over two 
months. 
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Prof. Newstead also gives a report on the non-parasitie or 
forage acari of the family T 5 T"oglyphid 8 e. These liave. sometimes 
been found on the British Army horses in Prance and sent to us for 
identification. They are no doubt accidental migrants from the 
fodder or oats and in no sense parasites, but their lesemblauce 
to the closely allied Sarcoptids, which cause acariasis or mange, has 
in some cases led to the needless isolation of numbers of horses. 
The Liverpool veterinary surgeon, ('aptain Noel Pillers. who had 
much experience of such mites on horses in Prance during the war, 
has contributed some clini('al notes to Pjof, Newstead ’s report. 

Tn Report No. 9. Mr. Durrant gives a complete list of all the 
grain pests identified during the worl< of tlie (bmmittee. with 
information as to their relative abundance and importance as pests, 
along rvith their geographical di.stribution, and a description of 
those liymenopterous parasites of the. grain pests which proved 
to be new to science or unrecognized. 

In this Report (No. 9) also. Prof, (loodrich has an article giving 
the result of his researches on the liymenopterous parasites of grain 
pest s. The report shows that the < omnumest species are, Chcrtopsila 
elegons and LariopJmfim calaiidnv belongiiig to the family 
( 'halcididae, that they attrack and kill tJie larvie of Hhizo'fiertha, donii- 
nica, Calmidra oryzee, and C. granaria : and that since the chalcids 
often occ.iir in large numbers, and the beetles named above are the 
most destructive insects found in grain, the parasites are valualile 
allies in the fight against grain pests. But although they act as a 
check on the multiplication of the beetles they do not exterininati* 
them. Both weevils and hyrnenoptcrous parasites survive for an 
indefinitely long time in infested wheat. The leport shows that, 
this is due to a balance being e,stablished, owing to the. ])ara, sites 
themselves falling a prey to a carnivorous acaritl. 
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'Phe average supply. 

]n the j)revioius portion of this paper the total requirements of 
grains in Britisli India for food, cattle and seed were ascertained ; 
and the total available supply after correcting the figures of gross 
outturn by allowances for wastage, and for imports and exports, 
was cahudated. 'Po bring the figures of total supply in conformity 
wilh actual fact, however, or iji other words to find the quantitv 
actually available for consumption and other purposes, it is 
necessary to make an allowance for the amount tarried over to th(i 
next year when the harvest turns out good iii a particular year. I 
think if we assume that two-thirds of the excess over the averatre 

C> 

supply is carried over to the next yeauit will serve our purpose. To 
determine the average supply the total supplies of all seven years 
are added together and the sum divided by seven. The result "ives 
the average supply of the middle year (1914 -15). It amounts to 
55-22 million tons. If the quantity is annually increased by 
0-5 percent, (the rate of the natural grovrtli of population in British 
India during the period 1901-1911) for the last three years, and 
decreased by the same rate for the fust three years, the results give 


' Keprinfced from Jnd, Jour, Eco,, Vol. Ill, Pt.-2, 

( 130 ) 
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the average supply for each year. The average supply thus 
calculated stands as follows 


1911-12 



Millions <if tons 
54-41 

1912-13 




54-6S 

1913-14 




54*05 

1914-15 




55*22 

1915-10 




55-50 

191G-17 



. . 

55-78 

1917-18 




5()-06 


On comparing the above figures wil.h those of the total supply, 
it will be seen that the total supply falls short of the average supply 
in the following years to the following extent : — 


1912- 13 

1913- U 


Mil lions of tons 


2-52 

MS 


JVri*oiitftKo 

4li 

Il-S 

21 


And the total sii})])ly exceeds tlio avem^o siip])ly in ilio following 
years as follows 


nui-12 

jyin-17 

1917-18 


Millions of tons 
M8 
2-ir, 

4-74 

J-74 


Quantity of Foon-oRArNS ACTUAUiV available for u'se. 

If we carry over the tAVo-thirds of the excess of food-grains over 
the average supply of each of the above four years to their respective 
next years, we get the quantity actually available for consumption 
and other purposes. In the case of the remaining years, the total 
supply of each of these years represents the quantity available for 
use. The quantity thus calculated stands as follows : 

Millions of ions 


1911- J2 .. .. .. .. .. 54-80 

1912- 13 .. .. .. .. .. :)2-9:> 

1913- 14 .. .. .. .. .. 48-40 

1914- 16 .. .. .. .. .. 54-04 

1915- 16 .. .. .. .. 66-32 

1916- 17 .. .. .. .. 57-90 

1917 - 18 .. ’ .. .. 68-06 
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The deficit. 

The figures for the total requirements of food-grains and the 
final total supply available for consumption and other purposes are 
placed side by side, and the reader will be surprised to find that 
there is a big deficit every year as given in column 4 l^elow : — 

In m illiom of tons 

Kiual total 

supply avail- Deficit 

able for iis«‘ 


lOf 1-12 

G4-3.‘l 

54-80 

o-5:i 

ini2-i:i 

briiui 

52-05 ' 

10-65 

HM.VU 

0303 

4S‘40 

14-57 


♦15- lb 

54-04 

11-12 


05 ‘SH 

50 -.32 

0-51 

ifiifi-n 

00* J 9 

57-00 

8-29 

HU7-IS 

00-40 

58-00 1 

H-34 


Qttantity of food-oratns consumed by well-fed classes. 

Tt will greatly help us in correctly understanding the conse- 
quences of this deficit if we determine the quantity of food-grains 
consumed by those classes of the people who are always well-fed, i.e., 
by those who, for one reason or another, are always in a position to 
get the quantity sufficient to maintain them in health and strength. 
Tn the absence of any definite information regarding the number of 
such people, only a rough estimate of their number can, at present, 
be made. Broadly speaking, the popidation of British India falls 
under two main classes - 

(а) Agricultural. 

(б) Non-agricidtural. 

In the agricultural classes, I think, all the malguzars and 
proprietors of land who primarily live on the income from the rent 
of agricultural land, and the rich cultivators of the canal-irrigated 
areas of the Punjab and the United Provinces are well above the 
starvation level, and they may be taken to be always well fed. 
Amongst the non-agricultural classes, I think, those whose family 
annual income is above Es. 600 will ordinarily fall in the well-fed 
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class. Now let us estimate the number of sueh people. From the 
Census Report of 1911 it will be seen that the number of those 
people and their dependents who were living on income from rents of 
agricultural land was 5,467,000. The canal colonies reports, and 
the annual reports on irrigation in India, unfortunately do not give 
the number of people living in all the canal colonies of the Punjab, 
and so. in the absence of any definite, information, it will be better 
to assume that 75 per cent, of the ordinary cultivator, s and their 
dependents living in the canal-irrigated areas are above the starva- 
tion level. From a map showing Ihe canal-irrigated areas of the 
Jhmjab it is ea.sy to know the portions of the districts which are 
thus irrigated, and from the ( 'ensus l*e])ort of the Punjab the number 
of ordinary cultivators and tbeir dependents living in these* parts 
can be approximately found. 'I'he number of ordinary cidtivators 
find tlicir depeiKh'iits in the.se areas of the Punjab in J!)IJ wtis 
.3,151,000, find .so the number of those cultivators who nuiy he 
taken fis al vavs well fed comes to 2'.36 millions. 'I'lu* mindier of 
such people in the cfinal-irrigatcd ureas of the United J’rovinces may 
bo taken to be O'o million. 

Now wp turn to find the mimlfei of well-fed people in the 
non-agricultural classes. 'I'he income-tax stfit.ist ics as givi'u in the 
Stfitistics of British India " (A'ol. 11) clearly show the number of 
those people, whose family annual income is fibove Rs. 1,000. In 
1911 the number of such assessees was only 289.826. But we have 
also to find the number of those people of non-agricultural classe.s 
whose annual family income is be.tw'een Hs. 500 and Hs. 1.000. 
Before 190.3- 04 the income-tfix was also levied on all those pemons 
of non-agricultural classe.s whose family income, was more than 
Hs. 500 per annum, and so we know the number of assessees w'hose 
income was between Hs. 500 and Hs. 1,000 in 1902- 03.^ Jt was 
324,044. If we assume that the increase in the number of families 
with .an income between Rs. 500 and Rs. 1,000 during the period 
1902-03 to 1911-12 was exactly in the same proportion .as in the 


* Slntuiica of Brili«fi Jiidiii for 1911-12 and preocdiiix years (sixth issue), 
l‘art IV (6), Finance an.i Rcvpiiuo, p. \(U. 


C 
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case of those in the next higher class, i.e., of those with an income 
between Rs. 1,000 and Rs. 1,250, during the same period, a calcula- 
tion gives the number of families with an annual income between 
Rs. 600 and Rs. 1,000 in 1911-12 as 550,200. Undoubtedly the 
rate of increase in the case of families with an income between 
Rs. 500 and Rs. 1,000 would have been somewhat greater, and it is 
just possible that many families imay have escaped assessment in 
1902-03, but for our rough estimation the above number will serve 
our purpose well. So the number of non-agricultural families with 
an annual income above Rs. 500 in 1911 was 840,020. As the 
average population per house according to the census of 1911 was 
4‘9, the total number of non-agricultural people whose family 
income was more than Rs. 500 was (840,026 x 4’9) 4*12 millions. 

We find, therefore, that the total number of those people who 
may be taken to have been always well fed in 1911-12 was as 


follows : — 

Agricultural : Millions 

(*) Tho«o who live on rent from agricultural land . . r>*47 

(/») Rich cultivatorH and their depcndenlR in the canal-irri- 
gated areas of the Punjab .. .. .. 

(m) Rich cultivators and their dependents in the canal-irri- 

uated areas of U. P. . . . . . . 0*51) 

Non-agricultural : 

{iv) Number of people whose family anniiai income was above 

Rs. 600 .. .. .. .. 4 12 

Total .. 12*45 


As the total population in British India in 1911-12 was 244*3 


millions, it will be seen that only a little more than 5 per cent, of 
the people can be included in the well-fed classes in 1911, and 
therefore for the period under inquiry I assume tliat 5 per cent, of 
the people were always well fed, and so the quantity of food-grains 
consumed by them works out as follows : — 


1911-12 .. 




Milliona of tons 
2*42 

1912-13 . . 




2*43 

1913-14 




2*45 

1914-16 .. 




2*46 

1915-16 . . 




2*47 

1916-17 .. 




2*48 

1917-18 . . 

. t 



2*60 
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But in the above calculation we have not taken into considera- 
tion one important fact that the children of every class are generally 
well fed. People will themselves starve, but will not allow their 
children to starve as far as they can ; and, therefore, if we assume 
that 80 per cent, of the children between the ages of 1 to 1.5 of the 
classes not included above are generally well fed, the quantity of 
food-graiiui consumed by them will stand as follows ; — ■ 


1911-12 .. 


1 

Milliuna of vons 
8*02 

1912-13 .. 



8-06 

1913-14 



8*10 

1914-1 r» .. 



8-14 

1015-10 



8*18 

1910-17 



8-22 

1917-18 



8-20 


Adding the above, quantity consumed by 80 per cent, of the 
c.liildren to the quantity consumed by the well-fed rich classes, 
we find the total quantity of food-grains (ionsumed by all well-fed 
people, and it is as follows ; — • 

Millions of toiiL 


1911-12 




10-44 

1912-13 .. 




10-49 

1913-14 




10-55 

1914-15 




lO-(K) 

1915-10 




10-05 

1910-17 




10-70 

1917-IS 




10-70 


PeBCEN'I’AGE of the total requirement op food-grains left 
FOR THE remaining POPULATION. 

We have seen that 12‘45 million peo})le are ordinarily well fed 
in British India ; and of the total number of 82‘4 million children 
(between 1 and 15) of the remaining population, 80 per cent., i.e.^ 
65‘89 millions are also well fed ; and as the number of children of 
ages between 0 and 1 is 8 millions, so the total number of people who 
might be taken to be always well fed in British India in 1911 -12 was 
86'34 millions, and therefore the remaining population of British 
India, i.e., 156*96 millions, or 64*6 per cent, of the whole popula- 
tion, is likely to be directly affected by the deficit. Now 
let us see what percentage of their requirement of food-grains 
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was available to them during different years of the period. 
If we subtract the total quantity of food-grains consumed by the 
well-fed classes from the total requirements for human consumption, 
we get the quantity of food-grains required by the remaining people, 
assuming them to get sufficient to maintain them in health and 
strengtli. If we further .sul)tract the previously ascertained deficit 
from tliese requirements, we get the quantity actually available 
for their consumption. From the figures of the quantity actually 
available for their consumption, the percentage of the quantity 
available to the quantity required can easily be calculated. It is 
worked out in the table printed below. 


In m illions of tons 


, 

Yt*ai' 

NiiinlxT of 
jK‘ 0 ])lc ly 

jtfl'odrd hy llu* 
iIl'IumI 

of t he ]»(‘o|)l(' 
ill (‘oliniiti 2 

'(’hr (l(‘lirit 

t^MuuiLity of 

foo<|.<ri*aiiiH 

a-('tiial]y 

nvsuhihlr 

IVrorritapr 
of Ihr qiinn- 
1 ity HvnilHbU' 
to tlu* 
ininitiiuiii 

quantity 

rrqiiinMl 

1 

2 

3 

1 

.7 

0 

1011-12 

Ifili-OO 

3S-02 

0.73 

28*42 

75 

101 2-1 ;i 

ir>7*74 

38*21 

10*05 1 

1 27*.7(> 

72 

1013-14 

ir,s;i3 

38-30 

! 

1 11-57 

j 

23*82 

02 

101 4-1 r> 

1.70*32 

* 38*58 

11*12 

• 27-40 

71 

lOlTv Ifi 

KJOIl 

.38*78 

0*.57 

I ! 

20-27 

75 

191(1-17 

lOO'OI 

38*08 

* 8*20 ' 

' .80-00 

70 

1917-lS 

Mil 71 , 

30*17 

1 . 8 -.34 

30-83 

70 



AvKUAnTJ 

1 10-3 


73 


ItUMAUKS ON VARIOUS I’OSSIRLK BASKS OF t'AU'ULATION. 

Before 1 conclude, a few words may be said about the various 
methods of calculation that have been employed in the above study. 
I cm' very much obliged .to Lieut.-(\>lonel («. 1. Davys, of the Military 
Food Laboratory. Kasauli, and Mi's. Davys for giving me various 
suggestions in this connection. I am fully conscious of the fact 
that in the calculation of the requirement of food-grains for human 
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coiiBumption 1 have assumed that all food-grains are of erjiial food 
value which, in fact, is not correct. 

The average requirements of food-grains to keep a man in 
health and strcngt.h (‘an also be calculated in the following other 
two ways : (1) by finding out the. daily reqniremenls of j)rote.in, 
fats, (carbohydrates, and salts : (2) by estimating l.luc calories 
required by the average, man per day, and Ifien finding out the. 
calorie value of the food-grains lhat are available for human 
consumption. 

Both these, irndhods are open to oiuc obi(‘clion or fhe other. 
It is just possible thaf. a c(*iiain food-grain, say a millet, itiay have 
givat caloric value but may have little nourishiug or sustaijiing 
power, while a substance rich in }»rotein, iats or oilier sails, may 
have comparatively less calori< value; and so Ihese methods if 
(‘uqdoyed sejiarately will giv(( ic.^ults which are not likely to agree. 
Lieut.-Colonel Davys Ims sugg('slcd to me to use tine caloric method 
as a control tor the comparison of results. I could not. unfortun- 
ately, get the figuios of tine caloric value of more than ihive or four 
Indian food-grains ; and so I could iu>' accurately calculate the 
requirenumts of food-graijis for human consumption by this scienl ilic. 
na'.thod. Al first sight it app(*ared thal the jail diet w.is in e.vcess of 
requirements, but from my exislhig information on the subject I 
find that there appears fo be a close agreenumt in the final results 
obtained by the two juethods ; and I hojie to (.‘stablish the jioint 
much more clearly when 1 get full ijifornuition. 

It has becJi suggested to me that the pooj' ])e()])le get a greater 
quantity of vegetables than is given to prisoneis in jails ; and that 
rich people take, a greater quantity of sugar, oil, and (/hi as substi- 
tutes, and so some reduction ought to have been made in their 
requirements of food-grains. Mow we know that the jails of the 
Central Provinces allow 3 chhatakis of vegetabh's per head per day, 
and in the United Provinces jails only 1 chitatak is allowed. In 
my opinion, an allowance of 3 chhiUaks per day, even in the case of 
poor people, will represent quite a fair standard ; and if poor people 
take more than 3 chhataks a day, 1 consider it to be the direct result 
of the deficit of food-grains, because 1 think these poor people are 
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compelled to depend upon a greater quantity of vegetables, through 
not being in a position to get the necessary amount of food-grains. 

In the case of rich people I have taken the question of substitutes 
into consideration in the determination of the probable degree of 
error. It may, however, be noted that the question of substitutes 
cannot influence our final results to any appreciable degree, firstly 
because the number of rich people is estimated to be only about 
6 per cent, of the whole population, and secondly because the substi- 
tutes would not reduce their requirements of food-grains to any- 
great extent. This will be apparent from a comparison of the 
standard adopted for the inquiry with the daily ration for Indian 
troops (combatants) and Indian followers of the Indian Army, the 
information about which I obtained through Prof, devons, after 
the 'first portion of this article was already in the press. The diet 
scale of Indian soldiers may well be considered as an ideal ration 
for full efficiency and may be assumed to represent the requirements 
of well-fed classes, while the Indian followers mav be assumed to 
live on a little more than a subsistence diet. The rations for 
Indian troops (combatant) and followers are as folloAVs : — 



For Indian troojis' For Indian followers- 


oz. 

oz. 


Atta ur Rice 

24 

24 


Dal 

3 

4 


Ghi 

2 

1 


Gur 

2 

, , 


Potato's 

2 

. . 


)8alt 

i 



Firewood 

48 



nd the substitutes allowed are as follows ® : — 



Article sliort issued 

Substitute 

oz. 

I DivsBod lu 0 i t (mil tton 

I '! or goat) . . 


(iZ 

Ghi 


4 


’or (’coking oil 


2 

Gur 

1 Sugar 


1 


^ Army TablfHt M iiiCtUaueouit iSerriCiHf Part J, Table 15, as recons tniotod by July 
Appendix to 1. A. O., 1918. 

^ Anny Tahhtt^ Miscellaneous iScrvices, Part I, Table 16, Note 2. 

* Army Instruction (India) No. 407, dated the 30Lb April, 1918. 
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From the above we see that in the Indian Army an Indian 
soldier is given 27 ounces of food-grains, and an Indian follower is 
given 28 ounces of food-grains, and this compares very closely with 
the standard of 28 ounces adopted for the inquiry. 

Lieut.-Colonel Davys thinks that the reduction of the food- 
grain allowance by 6| per cent, for meat, eggs and fish is too high, 
and he suggests a reduction of 5 per cent. only. I have taken this 
point into consideration in the investigation of the probable degree 
of error. He further thinks that the wastage is put very high. As 
has been already noted, there are various items which can be included 
under the term wastage ; and it is practically impossible to calculate 
the exact amount of wastage in the case of each one of them. In a 
Resolution dealing with the measures to Le adopted for the extirpa- 
tion of bubonic plague, issued by tJio Government of India, ’and 
published in the “ Gazette of India,” dated the 21st August, 1920, 
it is estimated t hat in British India alone the number of black rats 
is 375 millions and that the quantity of grain devoured by them 
in tlie course of a year amounts to about one million tons. It will be 
seen that this estimated wastage by black rats alone amounts to 
nearly 1*5 per cent, of the annual average production of all the food- 
grains in India. 

I have seriously thought over the whole question of wastage once 
again, and I feel that there is no overestimation in my assumption 
of 10 per cent, as the wastage from all causes. Notwithstanding 
this, in the investigation in the next section of the probable 
tendencies to error, 1 have, however, made allowance for a probable 
slight overestimation of the wastage. 

(\)NSIDERATION OF THE PROHABLE TENDENCY OP THE ERRORS IN OUR 

CALCULATIONS. 

Now we turn to the problem of considering briefly the 
extent of the probable amount of error in our calculations. It 
may, however, be noted that the errors are of such a nature 
that they caimot even be estimated with any approach to 
accuracy, so we can only show in what way they tend to influence 
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OUT final result. They may be treated under the following two 
heads - 

(/) those which affect the est.imate of the yearly deficit of 
food-grains ; 

(ii) those wliich affect the percentage of the quantity 
available to the cahuilated quantity required by the 
residuum per cent.) of the population. 

These a»'e shown separately in Appendices I and If. From 
Appendix I , it will be seen that in th(*, calculation of the deficit there 
are ten sources of error, and the majority of them tend to make the 
calculated deficit more than the actual one. All these errors, 
however, should not be given equal importance ; and I feel that the 
resulting error cannot be more than two or three per cent. ; and so it 
will'be quite apparent that the big deficit, shown every year is not at 
all tii'titious, and it is fairly correct even from the statistical point of 
view. 

This very slight overestimation of the deficit tends to make the 
calculated percentage of the quantity available to the quantity 
required a little less than the actual one ; but fnmr Appendix 1 1 it 
will be seen that there is one more source of e.rror whi(;h tends to 
make that percentage less, while two other sources of error are 
tending to make that percentage more than the. act ual tnie. 1 think, 
therefore, the effects of the slight overestimation of the deficit are 
greatly modified. 'J'hej’efore, I think that, the pcirc^entage of the 
quantity available to the quantity required by the residuum (G4'0 
per cent.) of the ])opulation as calculated above may be taken to be 
fairly correct, 

(.'ONCLUSION. 

From the above study we are forced t.o the conclusion that even 
in the best year from an agricultural point of view (i.e., J 916-17), 
and even with restricted exports of food-grains to foreign countries 
due to the war, so many as 1 60 millions of people in that year were 
in a position to get only 79 per cent, of the coarsest kind of food- 
grains to maintain them in health and strength ; and in a famine 
year (1913-14) the percentage fell to such a low figure as 62. Taking 
an average of all the seven years, it will be seen f^at 64*6 per cent, of 
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the population lives always on insufficient food, getl.ing only about 
73 per cent, of the minimum requirement for maintaining efficiency. 
In other words, it clearly shows that two-thirds of the population 
always get only three-fourths of the amount of food-grains they 
should have. 

It is just possible that one-third of the above number (two- 
thirds of the population) may be getting a little less t han »() per cent, 
of their requirements ; and the rest of the two-tliirds, or 100 million, 
in spite of hard labour, may be getting for a great er part of the year 
le.ss tlian GO p(‘r C(‘nt. of food-grains that are given to the worst sort 
of criminals in the jails of the U nited Provinces and (Central Provin- 
ces. This (ilearly shows the gravity of the situation in which we 
find ourselves. The country cannot make progress in any way 
while such a state of affairs continues. 

The above ctniclusions are in full accord with the experience of 
those wlio have c-arefully observed the conditions of living of the 
Indian ma sses in their own villages ; and they unmistakably show, 
as nothing else can, the urgent necessity of takijig in hand 
immediately and 'n right (ninu'st the problem of agricultnral 
improvements along right lines, to help the Indian cultivator to 
raise two blades of corn where one grows now. 


APPENDIX I. 

Findino out the error in the calculation of the deficit. 

An error is called positive if it tends to make the calculated 
deficit less than the actual one. 

An error is called mgatioe if it tends to make the calculated 
deficit more than the actual one. 

Whether 

Error due to ; poBJtivo 

or negative 


1. Quantity of food-givins required by siek pejmous being less 
than that given in the Htandard adopted for the inquiry 
2» Quant ty required of inferior kinds of food-grains uoiiHumed 
by poor people being more than that given in the Btandarvl 
adopted for the inquiry .. f« 
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Appendix I — concld. 

Whether 

Error tlu? to : positive 

or negative 

3. Assuming that’onc-half of the j>opuIation takes as much 

meat or fish as to reduce their requirement of food-grains 
by one-eighth during one year. (Lieut. -Colon el Davys 
suggests the reduction of 5 per cent, for the whole popu- 
lation) . . . . . . . . . , 4- 

4. Area reported for crops being less than the area for which 

|)o])ulation is rcixnted . . , . . . — 

5. Taking the yield for the area for which yield figures are not 

available in the same iiroportion as those for which they 
arc available . . . . . . ^4, 

(>. Taking oOO lb. as average yield per acre for other ‘ food- 

grains and jmlses ' . . . . . . . . — 

7. i^*robable very slight overestimation of the wastage . , — 

8. Area reported under the crop being less than the actual 

one . . . . . . . . . . — 

, J). Yield in bad years being very likely to be overestimated . . -)- 

10. Yield ill good years being very likely to be under- 
estimated .. .. .. .. — 

APPENDIX 11. 

Finding out the error in the final calculation pkrcentaoe of 

THE quantity OF FOOD-GRAINS AVAILABLE TO THE QUANTITY 
required by the residuum (64’G PER CENT.) OF THE POPULA- 
TION. 

All enor is called positive if it tcud.s to make the calculated 
j ercentage less than the actual one. 

An error is called negative if it tends to make the calculated 
j ercentage more than the acinar one. 

Whether 

Erixjr due to : liositive 

or negative 

1. Prohable slight overestimatioii of the deficit (result of 

Appendix 1) . . . . . . , . 4. 

2. Underestimation of the number of rich families earning 

between lis. 5U0 — J ,000 per annum (assuming all rioh 
families eousume full allowuuec) . . . . — 

3. Omitting the number of rich ‘ordinary cultivations’ of 

India from other parts of the country except the Punjab 
and the United Pi'oviiiecs* . . . . . . — 

4. Not making pixiper allowance for vegetables, oil vnwVglU 

taken as substitutes by rich people, and the consequeut 
reduction of their rectuirement of food-grains . . -f 

^ The number of person.^ in the residuum will undoubtedly bo loss in the ease of Nos. 2 & 3. 
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THE FIJI DISEASE ” OF SUGARCANE. 

Wk are indebted to Dr. E. .7. Butler, Director of the Imjjerial 
Hurcau of Mycology, for the following advance report on tlie “ Fiji 
disease ” of sugarcane, by Mr. li. J. Hasholl, of the Plant Diseases 
Survey, United States Department of Agriculture : — 

The name Fiji disease ” has been applied to tliis serious 
malady because it was first reported from the island of Fiji. 
Further study of the disease will doubtless lead to a better and more 
appropriate name. 

The disease has been known in Fiji since 1 905 at least. Although 
observed by many people, it has not been thoroughly investigated, 
and the only published accounts that we have thus far been able to 
find, by men who have studied the disease first hand, are those of 
H. L. Lyon and F. Muir, both t)f the Hawaiian Sugar Planters’ 
Experiment Station. Their articles are published in the Hawaiian 
PlaiUem' Record, a journal that is not widely distributed. An 
account has also been recently given by Otto A. lleinking 
(‘‘Diseases of Sugarcane in the Philippines— Fiji Disease,” 
Hugar News, ]j, 17-19, hJov. 1920), who used the published matter 
of Lyon as a basis for his note. 

This disease occurs in the Fiji Islands, New Guinea, New 
South Wales, and has just been discovered in the island of Mindoro 
of the Philippine Islands. The disease was found in Fiji by F. 
Muir in the early part of 1910, and reported on by him {Ha. PI. Rec., 
3, 197, 1910). It was - also reported on from Fiji by H. L. 
Lyon {Ha. PL Rec., 4, 230-232, 1911) who made a special study 

^ 449 , 
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of the disease as it occurred in that locality. The disease was 
reported from New Guinea by Mr. D. S. North, of the Colonial 
Sugar Refinery Company of Australia, who wrote to Lyon that 
one of the (•olonial Sugar Company’s men had found the disease 
to be very prevalent in parts of New Guinea (Lyon, H. L., 
“ Fiji Disease in New Guinea.” Ha. PL Rec., 12 , 200, 1915) 
on native cane. In view of this discovery Lyon expressed 
the opinion f.hat the original home of the disease was very 
likely New Guinea, from which place it had spread to Fiji and 
Australia. 

The occurrence of the disea.se in Australia is indicated by 
Lyon {Ha. Pi. Rec., 12 , 200, 1915), and has been reported by 1). S. 
North as appearing in experimental plots on New Guinea cane, 
and by A. II. Haywood {Ayr. Gaz., Netv So. Walen, Nov. 1920, 
pp. 773 -780) who states that it is now a problem with which 
growers will have to contend. 

The presence of the Fiji disease in Mindoro, P. 1., has been 
suspected for the Iasi three years. W. H. Weston, of the U. S. 
Department of Agriculture, in 1919 20 learned of this suspicion 
from f'. W. Hines, of the Bureau of Agiiculture at Manila, and a 
published note on the possible occurrence of tlni Fiji disease 
in Mindoro has appeared in the report t)f the Pest Control Section of 
the Bureau of Agricultuie {Phil. Ayr. Reo., 12 , 93, 1915)). During 
the (Christmas vacation (1920- 21) Prof. Otto A. Keinking, of the 
College of Agriculture at Los Banos, went to Mindoro and found 
the Fiji disease there doing great damage. According to one of the 
planters it was present on the island as early as 1910. Prof. 
H. A. Lee, of the Bureau of Agriculture at Manila, reports that 
Mr. Medalla, his assistant, also visited the island and returned with 
specimens of the Fiji disease. Letters from both Reinlcing and 
Lee telling of the discovery reached Washington at the same time. 
These are the first authentic reports by pathologists of the 
presence of the Fiji disease in the Philippines. Just how widely 
the disease occurs in the Philippines will have to be determined, 
but it probably does not occur in Negros, the most important 
cane-producing island. 
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Importancpj op the disease. 

Regarding the seriousness of this trouble, F. Muir {Ha. PI. 

197, 1910) writes as follows : “ The worst disease in the 

Fijian cane fields is one known as Fiji disease This disease has 

spread over the whole island hut is worst on the northern side, 
especially on rich soils. This disease is strongly hereditary ; when 
the stool looks perfectly healthy and the galls are seen on oiil\" 
one stalk and in very small numbers, every stalk from that root 
will produce diseased cane if used as ‘seed’.” Again H. L. Lyon 
(“A New ( ‘ane Disease now Fipidemic in Fiji.” H<t. PI. Jiec., 3, 
205, 1910) writes : “ ft is certain that the Fiji disease is one of the 
most serious diseases yet recorded on sugarcane.” 

The report of the Experiment. St;..tion rommittee of the 
Hawaiian Sugar Planters' Association. October 14. 1911, savs 
{Ha. PI. Per.. 5, .‘123. 1911) : ■' Dr. Lyon’s researches say that the 
so-called Fiji disease is the most to be dreaded of all known 
maladies o*' the sugarcane.” In Mr. Reinking’s letter he says: 
‘‘ The disease is one of the most, destructive ])lant disea.ses that. J 
have ever observed in the Pliilippine Islands.” In view of the 
above (piotations and also from othei reports on the importance 
of this disease, it seems that this is one of the most .serious (*f 
sugarcane diseases and ojio to be feared in sugai- jireas where the 
disease does not now occur. 


Symptoms. 

Mr. F. Muir {1. c.) states that the mf)st constant symptom of the 
disease as pointed out to him by Mr. North, of the Sugar Refinery 
Company, is the presence of small galls on the midersides of the 
leaves and in the softer tissues of the cane toy)s. somet imes extending 
a long way dowui the stalk. A tnore noticeable character is the 
dying of the tops and the growt.h of lateral branches, the tops of 
wdiich also sometimes die, and, in turn, give off lateral growths. 

H. L. Lyon {Ha. PI. Pec., 4, .300, 1911) describes the disease 
as follows : “ The most conspicuous symptom of the Fiji disejise to 
be noted in. the field is the shortcTiing and crumpling of the first 
leaves to unfold from the spindle. This peculiarity w'ill attract 
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the attention wlien one is still a considerable distance from the 
affected cane. The shoot may have attained considerable length 
and be clothed with many healthy-looking leaves of the usual colour 
and length, but all of a sudden it loses the power to produce normal 
leaves, throws out a few bent and twisted stems and then ceases 
to grow altogether. Some of the eyes may start, but the resulting 
‘ lalas ’ soon repeat the antics of the main stem. The stalk may 
remain alive for montlis or it msiy soon die.’’ He also mentions 
the characteristic galls usually to be found on most of the healthy- 
looking leaves and all of the deformed and blighted leaves. The 
appearanee of these galls is tlie first outward symptom by whicli 
the disease hiay be detected, but the cane may be infected for 
months before any galls appear. Trv other words, the galls mark 
a well advanced stage of the disease. According to Lyon’s photo- 
graphs, affected plants are very much stunted and dwarfed and die 
early. 

Cause. 

The Fiji disease is apparently caused by a Myxomycete some- 
what similar to Plnsmodiophrra hrossiccp, the cause of the club root 
of cabbage. A study of the etiology of the disease was made by 
H. L. Lyon and a preliminary report, given out by him {Ha. PI. Bee., 
3, 200 - 205 , 1910 ). Lyon found what appeared to be the plasmodium 
of an organism in the cells of the leaf galls but apparently has 
not proved the pathogenicity of- such organism. He thinks that 
the swarm spores may gain entrance to the cane tissue by penetrating 
the roots and then following up the vascular bundle-s to the leaves. 
He also thinks that the organism can live over in the soil for a 
considerable length of time, as does the organism of club root of 
cabbage. Plants grown from cuttings taken from diseased cane are 
sure to be infected. The organism is also readily carried from field 
to field by the transfer of bits of trasli. 

Varietal susceptibility. 

According to Lyon and Muir, the disease shows marked 
difference in varietal susceptibility in Fiji and New Guinea. On 
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account of this fact and because of the danger of the appearance 
of the disease in Hawaii, the Hawaiian Sugar Planters’ Experiment 
Station sent a large number of cuttings of various Hawaiiau 
varieties to Fiji to be propagated there and to ascertain their 
relative resistance to the Fiji disease. 

* 

OUTBREAK OF A CURIOUS DISEASE AMONGST lOULTRY. 

It nray interest poultry breeders in India, and perhaps more 
especially in the Punjab, to note that a peculiarly fatal disease has 
appeared amongst fowls in Lahore. The information is, of necessity, 
somewhat vague, as only one outbreak has occurred up to the 
time of writing (February 1021), and in that most of the fowls 
died so suddenly that a. thorough e.xamination, such as The 
writers would wish, could not be carried out. 

The symptoms displayed are those, of ” Limberneck,” a fowl 
disease ver) prevalent and well known in America, and are briefly as 
follows : — 

The first symptoms are those of lack of co-ordination \yith 
a slightly staggering gait. Later, tin; fowl attempfs to preserve 
its l)alance by assuming a curiously upright position. At this 
stage when persuaded to move, it lifts its feet abnormally high and 
gives one the impression it is attempting to ‘‘ goose step.” The lews 
of co-ordination increases until complete, when the bird appears 
almost paralysed. Death ensues soon afterwards. 

The time which elapses between the first appearance of 
symptoms and death varies in individual cases from one to eight 
days. 

The birds attempt to eat throughout the period of illness until 
the time of death. 

From the above brief account it will be seen that the symptoms 
closely lesemble those found in fowls suffering from a “ deficiency 
disease,” but the diet which the fowls were receiving eliminates 
any possible chance of the latter. The etiology of the disease is 
at present obscure. Post-mortem examinations failed to reveal 
anything of a pathogenic nature. 
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EmulsionB of the brains and spinal cords of the diseased fowls 
were made and injected subcutaneously and intra-apinally into 
healthy fowls and rabbits, but failed to convey the disease. 
Microscopic examinations of the blood, brain and spinal cord were 
negative. A curious fact, and one well worthy of note, is that the 
pen consisted of twenty-five English birds and twenty-five 
country-breds. All the twenty-five English birds became affected, 
twenty-three of which died. None of the country-breds contracted 
the disease. 

All the birds were housed together and lived under identically 
similar conditions. 

The writers regret that, at the present juncture, they cannot 
offer any advice as regards specific treatment of the disease, but 
wouild suggest that, at the outset of an outbreak, the healthy fowls 
should be at once taken away from the pen and kept elsewhere. 
When more material is obt ainable, more work will be done and, it is 
hoped, a more definite statenxent will be made on it. 

The accompanying pliotographs (Plate XXIIl) illustrate the 
different j)ositions during the disease. [W. Taylor and 
E. 8ewell.] 

A 

* * 

RETARDED DEVELOPME«iT OF TEMPERATE CEREAL 
VARIETIES UNDER TROPICAL CONDITIONS. 

Such cereal grains as wheat, oats and barley are commonly 
considered cool temperature crops, (^ool seasons favour their 
production w’hile warm seasons retard it. 

Walster’ has carried on an interesting series of experiments 
which throAV new light on this subject. He grew barley from the 
germination stage to maturity in two greenhouses kept at uniform 
but different temperatures. Different cultures were kept in nutrient 
solutions of vaiying strengths in order to show a possible correlation 
between the temperature and the chemical content. He found 
that while the plants in the warm house (20° C.) germinated most 

* Walater, H. L. “ Formative effect c»f liigh and low temjieratureB ui»oii the growth of 
barley : a chemical oorrelation/’ Bot. Oaz,, 69. 07-126, 1920.. 



PLATE XXIII. 



Fig. 3. Attitude while feeding. Fig. 4. Characteristic position just before death. 


CURIOUS DISEASE AMONGST POULTRY IN LAHORE. 
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rapidly and made the most rapid growi;h for the first tAvo AA^eeks, 
those in the eool house (15° C.) had outstripped them after six 
Aveeks, and came into maturity more quickly, 'riiis result Avas 
especially marked in those pots Avith nutrients of high nitrogen 
content. 

One of the striking results of liigli temperature with high 
nitrogen supply is the great dominance of leaves over culms. A jar 
of plants under these conditions consisted l>y actual weight of 92‘95 
per cent, leaves to 7 '05 per cent, stems, AA'hile a jar of plants A\dth the 
same high nitrogen supply Init groAvn at a low temperature 
consisted of 69‘20 per cent, leaves and 3(f80 per cent, stems. 
Another conspicuous result was the tendency of the leaves under 
high temperature conditions to lop or sjArawl, as if too AA'eak to 
stand in the normal position. 

As the cultures apjjrr>ac.hed maturity the difference became CA'en 
more striking, inasmuch as Avhile the plants in the cool greenhouse 
nnAerwent *.\\e. noriAxai development, tliose in the Avarm greenhouse 
were much belated. Indeed, the aiithor thinks that in the latter 
situation. Avith high nitrogen, the ' '*get.>tive condition would hav'e 
continued indefinitely if the Avaier supply had been kept uniform. 
'Pile tardy and feeble development of floAA'^ering culms which did 
occur he attributes to a decrease in the Avater supply. 

V arying temperatures at germination and early growth alters 
the chemical equilibrium within the plant in such a Avay as to 
prevent the normal tendency toAvards reprodAiction. ('hemical 
analyses of the plants grown shoAv the validity of the folio Aving 
equations : 

High heat supply-f high nitrogen supply in nutrient solution = 
high soluble nitrogen in leaf-! lo\v soluble carbohydrate = excessive 
A'egetation and little culm formation. 

Low heat supply - 1 -high nitrogen supply in nutrient solution = 
low soluble nitrogen in leaf-f high soluble (carbohydrate = normal 
vegetation and normal culm formation. 

This work throAvs interesting light on the experience of 
the reviewer a year ago in the attempt to grow American wheat 
^eed on the grounds of the Allahabad Agricultural Institute. 

7 
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Seed of Kanred wheat, one of the best varieties now grown in 
Kansas, which is the leading winter wheat State of the Mississippi 
valley, were planted in test plots, in river silt alongside of 
similar plots of the Pusa and Cawnpore varieties. It made a 
luxuriant leafy growth, showing no sign of culm formation, 
while the adjoining plots were undergoing their usual 
development. The sprawling of the outer leaves was noticeable 
in these dwarf but abnormally leafy and intensely green 
plants. About May 1, after the other wheat had ripened 
and had been harvested, and as the soil became very dry, the 
Kanred wheat, still green, made feeble culms, not a foot in 
height, bearing small heads which did not fill out well. 



Photo(;raph taken about 10th May, 1920, isbowiiii^ belated 
reproductive activity of Kanred wheat from American grown Heed. 

At the loft ia a ahock of ripened and out Piiaa 12 wheat which has 
been placed bore for oompariaon. 

Dr. H. M. Leake states that he has observed similar behaviour 
in Cawnpore on the part of wheat varieties introduced from the 
Himalayas. During the greater part of the season they presented 
an appearance more suggestive of lawn grass than of wheat. 

Feeble culm development and belated reproduction was also 
noted by the reviewer, but in a less striking degree, during the 
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winter of 1920-21 in Mariout barley, the seed of which was sent 
from California. His attention has frequently been called to 
peculiar and erratic development of vegetables from nort.hern 
grown seeds. Complicated and interesting physiological problems 
are involved in these phenomena, the solution of which will 
necessitate the growing of such seeds under careful temperature 
control. [L. A. Kenoyer.] 

* 

* * 

PROQRESS OF FLAX INDUSTRY IN KENYA. 

During the war, with the foreign supplies cut off, the position 
as regards flax in Creat Britain gave cause for great anxiety. 
Belgium and Northern France were the first of the flax-producing 
countries to suffer, while Russia, which before the war supplied 80 
per cent, of the world's flax, finally went entirely out of the market. 
Great efforts were made in Britain to increase the area under the crop 
and though these were successful up to a point, the demand for 
flax as a munition of war could not. be met. Attention was therefore 
turned to those outlying parts of the Empire where conditions 
suitable for flax-growing existed. An interim report on the progress 
of the flax industry recently issued by the Director of Agriculture in 
Kenya Colony (British East Africa) shows that though immediate 
needs were not actually met, great progress has been made in flax- 
growing since hostilities ceased. In 1918, 8,000- 9,000 acres were 
under flax, but this area had increased to 25,000 acres in 1920, the 
total value of the crop amounting to £450,000. At the end of June 
1920, 68 mills with 1,252 scutching wheels were either in working 
order or in course of erection. 

Although the quality of the flax grown has been judged by 
experts as comparing favourably with “ high-class European flaxes,” 
the Agricultural Department is not unmindful of possible improve' 
ments. Variety trials and experiments with different methods of 
retting are in progress and the results have been valuable and 
instructive. The growers appear to be inexperienced and do not yet 
seem to have realized the necessity of a rotation in flax-growing. 
Present indications point to the higher altitudes with their colder 
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climate and heavier rainfall as being the l)est suited for flax-growing. 
The local supply of seed is now quite sufficient and such importations 
as win now be made should consist only of new varieties or strains. 
The only disease affecting this crop is described as wilt,” but it is 
not anticipated that it will be responsible for much loss provided 
good farming principles are observed. An enemy of much more 
serious consequence appears to be the “ flax caterpillar,” but fortu- 
nately an appliance appears to have been invented by which the 
caterpillar can be removed at comparatively little expense. 

l^resent methods of marketing are expensive, and the question 
of establishing one or more central flax markets in the colony is not 
being lost sight of. A Flax Association has already been formed, 
and one of its first acts has been to agree to the introduction of a 
system of flax grading which will be in charge of two officers of the 
Agricultural Department. | Rditor. | 

* 

REPORT OF THE COUNCIL OF THE LINEN INDUSTRY 
• RESEARCH ASSOCIATION FOR 1920. 

This Association became an incorporated body in September 
1919, and derives its funds partly from subscriptions and guarantees 
and partly from the Department of Scientific and Industrial 
Itesearch, the total income for the year being slightly over 
£12,000. The Association has now purchased the Glenmore 
House Estate near Belfast and is raising a fund of £25,000 to cover 
the cost of purchase and equipment. The Director is Dr. J. Vargas 
Eyre, recently of the Flax Production Branch of the English 
Ministry of Agriculture, and the following research programme has 
been adopted : — 

1. The selection and breeding of im])roved strains of flax 

seed for sowing purposes. 

2. An investigation of the apparent need of frequent 

changes .of seed for sow'ing purposes. 

.•{. Variety t rials and manurial trials. 

4. The commercial and industrial value of oil from 
immature flax seed. 
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6. Study of the behaviour of fibres from diseased and dead 
straws. 

6. Investigation of the difference in the behavioiu- of flax 

when water-retted and dew-retted, and thereafter 
in spinning, bleaching, and weaving. 

7. Problems presented by the introduction of substances 

into the spinning troughs, and the possible advantage 
of so doing. 

8. Investigation into the preparing and spinning processes, 

with a view to securing uniformity of yarn. 

9. Investigation into the winding and warping, with a view 

to uniformity of tension. 

10. Investigation into f.he methods of drying yarns. 

11. Study of the sizing and finishing of yarns, threads, alid 

twines. 

12. Investigation regarding mechanical weaving. 

13. investigation into the dyeing of linen yarns, threads, 

and cloth. 

14. Study of the avoidance of waste. 

lo. Investigalion of the utilization of by-products. 

10. Investigation ijito the use of suitable lubricants. 

17. Investigation into the finishing of cloth. 

15. The study and indexing of all literature and patents. 

19. Scientific- costing. 

20. Study of similar problems in connection with the 

industrial use of hemp and ramie, either alone or in 
conjunction Avith flax. 

An interesting feature of the organization is a series of standing 
committees to discuss with the Director and his staff cpiestions 
arising during the course of research work bearing on particmlar 
branches of the industry. The Joint. Standing Agricultural 
Committee -includes two representatives of the Council and one 
representative each from the Agricultural Departments of England, 
Scotland and Ireland. Other Committees are the Research 
('ommittee, Publication Committee, Agricultural and Kaw Material 
Sub-committee, Spinning Sub-committee, Weaving Sub-coumrittee, 
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Bleaching and Dyeing Sub-committee, Sizing and Finishing Sub- 
committee, and Costing Sub-committee. The Eesearch Committee 
receives and considers, on behalf of the Council, the Director’s 
quarterly report embodying the results of the research activities and 
the proceedings of the Research Sub-committees. [B. C. Burt.] 

* 

* * 

STEAM PLOUGHS OR TRACTORS. 

A Correspondent writes in “ The Times” Trade Supplement, 
dated 23rd April, 1921 : — 

I’here is a good deal of controversy at the moment as to the 
respective merits of the steam cable sets and the internal-combus- 
tion direct ploughing tractors, and followers of the rival methods 
are anxious to promote competitive tests. 

The view of the general body of agricultural engineers, however, 
is that steam ploughs and tractors are not really in competition 
with one another. The former are admittedly unexcelled for large 
areas, especially where deep cultivation on heavy, resisting clays 
has to be carried out, or where, as in many sub-tropical countries, 
large areas of hard, unbroken soil have to be made available for 
sugarcane, rubber plantations, etc. British steam ploughs are 
unequalled for efficiency, and there are practicially no foreign 
competitors in this line, the demand for which, though slow at the 
moment owing to extthange difficulties, is usually world-wide. 
Steam ploughs, though costly at first, arc generally admitted to be 
the most economical form of cultivating when the estates are large 
enough to provide full-time employment for them. 

On the other hand, the tractor is really the farmer’s own 
machine rather than a contractor’s unit, and its capacity to plough 
an acre to a depth of five or six inches on less than three gallons of 
paraffin makes it more economical than horses, while af; the same 
time. ensuring that the farmer will ‘‘catch the season” for his 
ploughing, cultivating, and harrowing. Tractors are also very 
useful in harvest, for their small overall dimensions render them 
handy enough to haul a binder. The tractor trade, however, has 
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suffered at home from the “ open ” season, and makers are looking 
to the foreign markets to make up the demand. 

British agricultural engineers are, in fact, especially well situated 
to (!ater for oversea trade, and early improvement in the number of 
indents is expected. A promising development is the new cheap 
motor lawn-mower which is now being manufactured and for which 
the inquiries are very large. Hand lawn-mowers are also wanted 
for the Dominions, New Zealand in particular. Potato planters are 
another improving line, but the outlook for home-made harvesting 

machines is not bright British makers hope to leduce 

prices in 1922 and cannot do so much earlier owing to the heavy 
stocks of high-priced material they hold. 

* 

* * 

SUGAR INDUSTRY IN BRITISH GUIANA. 

Wk take the following useful facts from a somewhat belated 
report on British (luiujia for the year 1919 presented to Parliament 
in Marcdi 1921 

The total area under sugarcane in the colony was 71,500 a»rcs 
during the year 1919. The sugar crop was far below the average, 
being 86,971 tons as compared with 102,315 tons, the average 
annual yield of the preceding eight years. The deficiency was 
caused by scaredty of labour and unfavourable seasons but princi- 
pally by a scart'ity of nitrogenous manure (sulphate of ammonia). 
Only 83,140 tons of sugar were exported during the year. The 
returns submit. ted by sugar estates in the colony showed that in 1919 
more than nine-tenths of the total area under cane was planted in 
varieties other than the Bourbon. Only about 3,000 acres are now 
occupied by Bourbon unmixed with other varieties. Of the area, 
estimated at 65,000 acres, cultivated in new varieties, 92 per cent, 
was under canes raised from seed in the colony, while about 7 per 
cent, was occupied by varieties imported from Barbados. Of the 
total area under (sane cultivation 78 per cent, is occupied by new 
varieties raised at the Georgetown Botanic Gardens. 

This indicates the great importance of continuous work on 
evolving superior varieties of cane by raising seedlings within the 



402 


A0Mcm.Tt7IlAt JOtTRNAL OS’ INDIA 


[XVI, IV. 


country wJiere the varieties are to be cultivated. Work on these 
lines is being done in India at the ('ane-breeding Htation, Coimbatore, 

and promises to give useful results. [Wynne SaYer.] 

♦ 

♦ ^ 

CANE SUGAR : DANISH CHEMIST’S NEW PROCESS. 

A YOUNG Danish scientific chemist, Mr. Schmidt, has devised 
a process, says the Copenhagen Correspondent of “ The Morning 
Dost,” which probably will introduce great changes into the cane- 
sugar industry. By his new method tlie troublesome process 
of refining the sugar juice by means of lime is avoided. The juice 
rolled out of the (;aues is purified in the course of one treatment 
int(» a syrup clear as water, which is ready for cvaporatioji into 
pure sugar. Tn Mr. Schmidt's invention the lime is replaced 
by 'an exceedingly comminuted chaicoal. wJiich is churned into 
the raw sugar juice, ajid combines with tlie com])onents contained 
therein in a far juore com])lete way tliiin in the lime refining. 
A y)erfect result is obtained b>’ filtering the |)i'oiiuct. The charcoal 
for the process is supplied by the combustion of the refuse product 
resulting from the fillcring, the jnoducing process thereby becoming 
continuous, as the refining of the sugar juice is effected by compo- 
nents contained in the juice itself. 

Mr. Selnnidt’s invention is the result of a hnig series of experi- 
ments carried on in the sugar mill in Java where he is employed, 
and it is believed that it will greatly ijicrease the (piantity of 
sugar obtained fiom the canes, as well as simplify the producing 
process. [Production and Export, A\)r\\ ] 921.1 

DWARF OR KING COCONUT. 

liECENTi-y ('onsiderable interest has been aroused in a variety 
of coconuts called the Dwarf or King coconut which is remarkable 
for its early fruiting and heavy bearing. We therefore reproduce 
the following note regarding this variety from the Proceedings of 
the Agricultural (Society- of Trijiidad and Tobago" for January 
1921: 

The dwar fcoconut, known in the Malay Peninsula as “ nyiur 
gadii^,” is remarkable for its early fruiting, palms only 10 feet 
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high bearing abundant fruits touching tlie ground. The young 
palm, grown under good conditions, starts to flower iji its third 
year, and produces ripe fruit in about nine months from the 
appearance of the flower-spike. 'Hie initial flower-spikes contain 
only male flowers, but other spikes occurring in rapid succession 
are larger and bear an increasing number of female flowers also. 
On a spike from a six-year-old tree 200 young female flowers 
have been counted, while trusses of fruit from similar trees have 
lieen found with as many as fifty-five ripe nuts. 

The dwarf coconut is generally of a bright yellow colour, but 
there are, besides, a distinc^t brick-red variety, a green variety, 
and a number of intermediate colours which might be ranged 
as ivory yellow, golden yellow, orange, brick-red, green bronze, 
and deep green, 'riie flower-spikes, leaf bases, and h^af Tibs 
correspond in < ()lour with the fruit, giving the compact trees a 
very handsome appearance. Again, there are semi-tall trees of 
these different colours, which are later in (;oming into bearing, 
having slightly larger nuts and an*- less prolific than the true 
dwarf. • 

The dwarf yellow strain appears to he the most prolific, 
whilst the. other varieties vary proportionately in their produc- 
tiveness. and also in the shape and size of the nut, and are 
evidently the outcome of cross-fertilization from original types 
or mutants. 

A full-grown leaf of the nyiur gading " measures only 12 feet 
from base to tip, whilst an average ripe nut measuj'es 32| inches 
by 24 inches in circumference. The nut has uji average amount of 
fibre, a thin shell, and, proportionately with the big nut, a good 
thickness of white kernel. 

This “ meat ” is said by the Malays to be richer in oil and 
sweeter in taste than that of the big coconut., and is therefore very 
popular with them for domestic purposes. 

In 1912, 500 acres were planted with these dwarf nuts at 
Sungei Nipha estate, on the coast between Port Dickson and 
Sepang Point, and this is probably the only estate of dwarf 
coconuts in the world. 
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In the first year of production at Sungei Nipha, the crop from 
over 225 acres was 102,000 nuts, while in the second year it was 
574,000 nuts, and in the third year it will probably be nearly a 
million. From these data the average yield for dwarf nuts may be 
predicted as follows : — 

At the end of the 4th year — Ist yielding 10 nutb per tree, 

o >1 5th ,, 2nd ,, 30 „ ,, 

Oth „ 3rd „ 00 

,, 7th 4th 80 „ 

„ Hth „ nth „ 100 „ „ 

oth ,, Oth „ 120 „ „ ,, in full bearing. 

These estimates, in face of yields from individual trees, will 
appear conservative, but there are many points which have to be 
considered when dealing with average yields, and no doubt, under 
ideal conditions, a much higher average could he obtained. 

In making copra it has been found that the nut from a 
young tree is smaller than that coming later, and its kernel 
likewise thinner ; while on heavy yielding trees the nuts are a 
little below the average in size ; but 500 nuts to a picul 
(1 picul = 133-J lb.) of copra is a general average, which would be 
decreased somewhat later when more even nuts with thicker 
meat were obtained. With a leal length of only 12 feet, it was 
found convenient to plant the palms 24 feet by 20 feet, which gave 
ninety trees to the acre, a number nearly double that required 
when planting big palms. 

It will be evident, fherel'orc, that with this planting there 
might he obtained, say, in the fifth year of planting 00 by 30 nuts = 
2,700 nuts per acre, likewise, in the ninth year 90 by 120 = 10.800 
nuts per acre. Comparing this with the big coconut, which does 
jiot produce till after its fifth year, the crop might be estimated in 
the ninth year as forty-live trees with forty nuts, average 1 ,800 nuts 
per acre. With the dwarf trees ther<‘, is the great advantage of easy 
and rapid picking, and inspection for beetles and other pests, though 
in manufacture one has to handle almost two and a half times the 
number of nuts per picul of copra ; but this is not of so great 
consequence when working with newly devised methods and 
machinery for dealing with larger quantities. 
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PRICKLY PEAR. 

“ The Journal of Industries,” which is issued by the aiithority 
of the Minister of Mines of Industry of the Union of South Africa, 
in the September (1920) Number giyes the second of the articles by 
Dr. Juritz on the prickly pear, and the possibility of its utilization. 
The author has already discussed in other publications the possibility 
of using the prickly pear as a source of industrial alcohol. To make 
alcohol production from this source profit able it would appear necess- 
ary to produce a large amount, of fniit from small areas which, to make 
collection ec-onomic, should bear ten tons of fruit to the acre. There 
would also have to be devised a less expensive method of collecting 
than hand-picking. This question, by the way, has already been 
investigated in New Mexico, and the problem appears to be only 
one of economics. There is a possibility of certain species of prickly 
pears being used for the sake of a mucilaginous substance which can be 
obtained from it. It is also suggested as a source of oxalic acid, since 
crystals of calcium oxalate aie contained in all parts of the 
plant in comparatively large propoi-tions and some other oxalates 
arc to be found in the liciuid condition. The prickly pear is* also 
suggested for paper-making, but the })ulp, which has so far been 
prepared in experiments, appears to consist of short fibres which 
would have a low value and, as is so often the case with such plants, 
the yield per ton of raw material is small and tlie amount of 
rc-agents required relatively great. 

A dye or colouring matter of a light magenta shade c^ati be 
extracted without difficulty from fruits of (certain kinds of prickly 
pear, and this dye, from the species which occur on the high 
mountains of Argentina, has been used locally for dyeing wool. 
There is however a great deal of research necessary before recom- 
mendation for commercial venture in this field could be made. As 
a source of oil the great difficulty appears to be again in the collec- 
tion of material, and the low percentage of oil in the seeds of the 
plant would appear to make it commercially impossible. The plant 
has also been suggested as a basis for soap manufacture, but there is 
nothing to indicate that this suggestion can be considered seriously. 
The article concludes with a number of minor uses, but such 
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applications as are named are not such as to encourage any 
commercial development. [Scieidific American Mmthly, Vol. Ill, 
No. 1.] 

* » 

THE CRISIS IN THE TEA INDUSTRY. 

An authoritative article on the production of tea in the Empire 
and its relation to the tea trade of the world is contained in the 
current number (October-l)ecember, 1920) of the “ Bulletin of the 
Imperial Institute.” It deals in an interesting way with the growth 
of tea drinking in various parts of the world, gives particulars of the 
industry in all' tea-producing countries and discusses the causes 
which have led to the present serious crisis in the industry. 

India and ('eylon together produce more than two-thirds of all 
the tea which enters into the world’s commerce, their most serious 
competitor at the present time being .lava. At the beginning of 
1 91 9 prices in L(»ndou for all grades of tea were good and stocks in 
the United Kingdom were not excessive, but apparently no account 
was taken of stocks lield in producing countries. The tea trade had 
been disorganized by the war and by Government control, and as no 
danger signals, pointing to over-production, were raised, the 
plantations in the British and Dutch Indies in 1919 produced tea to 
their full capacity. The Kussian market, which had been taking 
nearly 100,000,()0() lb. of plantation tea yearly, was lost and stocks 
began to accumulate, \intil, in the middle of last year, t he actual 
situation was realized and there was a break in prices for all the lower 
grades, which have since been selling Below the economic value. 
There is no question regarding the soundness and ultimate 
prosperity of the tea industries of India and Ceylon, but the 
immediate outlook for many estates is very critical. The 
seriousness of the position is apparent from the fact that the 
plantation industry in the two countries supports at least 
3,000,000 workers and their dependents. 

It is thus to the common interest of both producer and (5onsnmer 
that the tea industry should be placed on a sound basis. The most 
serious obstacle however to the return of more healthy trade 
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conditions is the great accumulation of stocks of common teas. 
In the absence of a demand from Kussia there ap])ears to be little 
prospect, in the immediate future, of reducing the volume of 
these stocks, butunlessthis is effected, or the sales of tea regulated, 
there can be no recovery in prices for a long time. 

* 

* * 

QUARANTINE ON ACCOUNT OF CITRUS BLACK FLY 

{ALEUEOCANTHVS WOfJLUMI, ASHBY). 

With a view to prevent the introduction of the Citrus Black 
hly into the United States of America, the importation or entry 
into tlie States, from India, (!uba, the Bahamas, Jamaica, Canal 
Zone, f!osta Kica, Philippine Islands, Ceylon and Java, of fruits 
and vegetables in the raw or unprocessed state and of plants or 
portions of plants used as packing material in connection witli 
shipments of such fruits and vegetables, or otherwise, has been 
forbidden except under permit. 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We deeply regret to learn of the deatli in London 
on Gth June, 1921, of Major A. W. Slater, V.D., Managing 
Director of the. (Calcutta Phototype Company. 

The late Major Slater was in (diarge of the reproduction 
of plates for the publications of the Imperial Department 
of Agriculture, and the “ Agricultural Journal of India ” 
and other publications i-tsued from Pusa owe much to his 
efforts. He was a pioneer in this (tountry of the three- 
‘ colour process printing, and always kepf. himself in touch 
with the latest developments in the art of reproducf ion. 
Major Slater did much to facilitate the publication of 
scientific work in India, and his premature death will be 
widely felt in scientific circles. 


His Ma.jkstvthk Kino-Emperor’s Hirthpay Honours List 
ctmtains the following names which .will be of interest to the 
Agricultural Department : — 

K.C.T.E. Mr. Evan Maconoohir, f’.S.L, I.C.S., Agent to the 
Dovernor in Kathiawar, Bombay (sometime 
Under-Secretary to the (lovernment of India, 
Revenue and Agriculture Department). 

C.S.I. Mr. C. a. Innes, ('.I.E., I.f’.S., Secretary to the 
Government of India, Commerce Department 
(sometime Under-Secretary to the Government of 
India, Revenue and Agriculture Department), 
t 468 ) 
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Mr. W. R. Gotjrlay, O.I.E., ' | L(\S., Private 
SecTctary to His Excellency the Governor of 
Bengal (sometime Director of Agriculture, 
Bengal). 

KJuin Bahadur. Khan Sahib Sayao Sardar Shah Gtlanj, 
Professor of Bovine Pathology, Punjab 
Veterinary College, Lahore. 

Rao Bahadur. M. 11. Ry. J. f'HHLVARANCA Ra.7Ti Carh, 
Deputy Direclor of Agriculture in the M.adras 
Presidency. 

Sardar Sahib. Bhai Kharak Sinuh, Assistant Professor of 
Agriculture, Agricultural College, Lyallpur. 

Khan Sahib. Mr. N. D. Dhakmahvala, C.B.V.C'., First 
Professor, Veterinary College, Bombay. 

MuxVshi Abdui. Dayum, Wardoi to the 
Agricultural College, Cawmpore. 

Rai Sahib. Bai!H.3amini Kcjmar Biswas, Superintendent of 
Agricidture, Dacca. 

* 

^ Si; 

Mr. W. a. Pool, AI.R.C.V.S., Cffg. Second Bacteriologist, 
Imperial BactcuiologiccJ Laboratory, Muktesar, is fippointed to 
officiate as Directoj' and First Bacteriologist, in addition l.f) his 
own duties. 

♦ 

* ♦ 

Mr. T. M. Timoney, M.R.C.V.S., has been appointed to the 
Indian Civil Veterinary Department and posted to the Imperial 
Bacteriolf)gic.‘j.l Laboratory, Muktesar, as 3hird Bacteriologist. 

♦ 

Dr. W. Burns, Economic Botanist to the Government of 
Bombay, is granted combined leave for one year with effect- from 
the lat October, 1921. 

* 

* * 

Mr. P. C. Patil, L. Aa., Deputy Director of Agriculture. 
Central Division, Bombay, is allowed combined leave for one 
year from the ] St July, 1921. 
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Kao Saheb M. L. Kulkarni is appoitited to officiate as Deputy 
Director of Agriculture, Contral Division, Bombay, vice Mr. Patil 
on leave. 

Khan Sahrb .1. D. Bi^xv lias been appointed to act as 
Superintendent, Civil Veterinary Department. Bombay, wee 
Mr. G. Taylor, M.K.C.V.S.. proceeding on leave. 

■it 

* * 

Mr. K. M(!Lean. B.Sc., Deputy Director of Agriculture, 
Eastern Circle, Bengal, is appointed to act as Fibre Expert to the 

(lovernment of Bengal, c/cc Mr. Finlowon leave. 

* 

* * 

Mr. K. Smith. B.Sc.. Dejmty Director of .Agriculture, Western 
('ircle, Bengal, has been transferred to Dacca to hold charge of the 
Ea.stern Circle. 

*** 

Rai R.\.rKswAR Das (Icpta Bahadir. Deputy Director of 
Agriculture. Northern Circle, Bengal, is })osted to f'alciitta to hold 
chaTge 01 the West ern ( 'ircle. 

* 

♦ ♦ 

Mr. V. C. Chaiiijht^ri. Superintendent of Sericulture, is 
appointed to act as Deputy Director of Sericulture. Bengal, 

rom the Urd June, 1921. until finther orders, 

♦ 

♦ ♦ 

Mr. E, Ballard, B.A., is confirmed as Covernment 

Entomologist, Madras, in the Indian Agricultural Service. 

♦ 

* * 

Mr. D. Quinlan, M.R.C.V.S.. Superintendent, Civil Veterinary 
Department and Veterinary Adviser to the (lovernment of Bihar 
and Orissa, has been granted combined leave for eight months. 
Captain P. B. Riley officiating. 

* ♦ 

Mr. T, U. Low, Deputy Director of Agriculture, United Provin- 
ces, has been appointed to hold <“harge of the Cenl.ral Circle, 
Cawnpore, vice Mr. B. C. Burt, M.B.E., B.Sc., appointed Secretary, 
Central Cotton Committee, 
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Mr. W. Younoman, B.Sc., Economic Botanist to Government, 
United Provinces, has been granted combined leave for seven 
months and 17 days, Mr. P. K. Dey, Plant Pathologist, holding 
charge of the current duties of the Economic Botanist, in addition 
to his own. 

* 

♦ ♦ 

Mr. B. H. Wilsdon, B.A., Agriciiltural Chemist to Government, 
Punjab, has been granted combined leave for eight months, 
Dr. P. E. Lander officiating. 

* 

* * 

Mr. W. Robert.s, B.So., Principal and Professor of Agriculture, 
Agricultural College, Lyallpur, has resigned from the Indian 
Agricultural Service. 

Mr. D. Milnk, B.Sc., Economic Botanist to Government, 
Punjab, Lyallpur, has been appointed Principal of the Agricultural 

(Allege, Lyallpur. • 

* 

* * 

Mr. W. Taylor, M.R.C.V.S., Professor of Pathology and 
Parasitology, Punjab Veterinary College, Lahore, has been 
appointed Post-Graduate Professor, in addition to his own duties, 
relieving Captain E. Sewell, M.C^., M.R.C.V.S., who has been 
deputed to the Government Cattle Farm, Hissar, for carrying out 
feeding experiments on cattle. 

* 

* * 

The headquarters of Mr. T. D. Stock, Economic Botanist, 
Burma, have been transferred from Mandalay to Myingyan. 

* 

* * 

Mr. S. G. Mutkekar, who has been appointed to the 
Indian Agricultural Service as Assistant Director of Agriculture, 
has been posted to the Western Circle of the Central Provinces 
with headquarters at Nagpur. 


8 
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Mr. J. C. MoDougall, Assistant Director of Agriculture, 
has been transferred from the Wester)! Circle to the Southern 
Circle of the Central Provinces. 

*♦ 

♦ * 

Mr. C. W. Wilson, M.R.C.V.S., Superintendent, Civil 
Veterinary Department, Central Provinces, has been appointed 
Veterinary Adviser to Government, ('Cntral Provinces, in addition 
to his own duties, with effect from 10th May, 1921. 

* 

* * 

Mr. J. N. ( ’hakravarti, Deputy Director of Agriculture, 
Surma Valley, Assam, is allowed privilege leave for six months, 
Srijut Laksheswar Barthakur officiating. 



iinieuJiS 


Green Tea. — Tiy Ohas. Judge. (Calcutta ai d Sira’a : Thacker. Spink & Co.) 
Pi ice, Its. 2. 

We have read witli considerable interest the pamphlet entitled 
“ Green Tea” by Chas. Judge. Tt gives a concise but clear 
exposition of the practical methods for the prejiaration of green tea, 
and whilst it gives an acconnt of the manner in which the process 
should be carried out in an essentially practical manner it does not 
overlook the s(dentific reasons for various processes. The method 
iulvocated of dealing with the green broken tea affords a very good 
example of the practical appli<;ation of scientific principles to the 
sol ution of practical problenLs. Mr. J udge seems to have studied tihe 
question of green tea manufacture thor()Ughly and he has been able 
successfully to incorporate this knowledge in a pamphlet. [P. H. 

* 

♦ ♦ 

A Naturalist in Himalaya. — By (’aptain H. W. F. Kingston, M.C!., 
l.M.S. Pages xii-p 3004-25 illustr. (London : Witherby & (b., 
1920.) Price, 18s. net. 

Tins book deals with miscellaneous observations carried out 
in the Hazara District, and contains numerous interesting notes 
on insects and insect-life. Thus, Cha))ter I f deals with Harvesting 
Ants, and the next chapter Avith their senses and instincts, whilst 
(liapter IV treats of (Carnivorous Ants and (Chapter V Avith Communi- 
cating and other Ants. Chapters X -XTT cfintain observations 
on miscellaneous insects, wasps, bees, butterflies, (Cicadas, and 
termites, in the course of which the author describes and figures 
the vocal organs of the male of Plalylomia brevis, a Cicadid 
common in the Himalayan region. 

( 473 ) 
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The whole book is extremely interesting and well repays 
perusal by all who are interested in Entomology in India. 
[T. B.F.]” 

An Introduction to Entomology.— By J. H. Comstock. Second 
Edition. Pages xviii+220+220 figs. (Comstock Publishing 
Co., Ithaca, N.Y., 1920.) Price | 2-60. 

This publication constitutes Part I of a general Text-book 
of Entomology under preparation by the author, and deals briefly 
with the structure and metamorphosis of insects. The external 
and internal anatomy are dealt with at as much length as can be 
expected in a book which only purports to serve as an introduc- 
tion to this study, and we can only hope that the present publica- 
tion will receive so warm a welcome that the author will be induced 
to supply us with a still more detailed monograph on the subject 
at a later date, as there is a decided want for a work in the English 
language on the same line as Berlese’s Gli Insetti. Meanwhile 
the present Imirodtiction will be found indispensable to all serious 
workers on the subject. [T. B. F. ] 



^0m5i)r0ndrnrc 


INKHJKN('K OK STOOK ON SOION. 

To THK Kt)IT()1?. 

The Ann'enlliiiiil Jotntuil of Indio. 

SlH, 

WtTii l•ef■(>ron^•o to .Mr. FiirUdo's lottor on tlio indiionco of 
stock on scion in your .lonruitl (Vol. XVI. Port IT. ])ii<io 2‘2()). 
f Ix'jT to ofTi'r tin* following ivonnrk.s. 

In mv j)rivii.to giudcns ui Ikissoin. 'riuiuii Disirict. on the 
|■}onll>^^.y coast, I had one I'ow <*1 ehih’o (AcIh'ok HO'poto) <‘Oiisisting 
of seven ])lants. t)f t hes(‘, i,h< o* '.v.«s one phinf. wcn'kc'd <ni 
M niniKO'ps hexotulro stex^k. n.nd ol the rest two plants wore 
pro])iigii.(i(!d hy fioolee (niarootte) and t he rest, grafted on ehiko 
stock ; anunig tlu^se were included the so-calhxl ])rolific and shv 
hearing varieties of ehiko. 

After planting, when t.l)ey grew w<dl and began to hear, it was 
continnonsly ohstU’ved for years that the jrlant worked on 
MnnoHopfi stock did not give even one-third the nninher of fruits 
piixlnccd hy those worked tni ehiko. stocks. 

From the ehiko plant \vorked on M imosoji't stock scions wen* 
taken and worked on ehiku stocks. At the same tinre scions from 
ordinary ehiko plants were worked on ehiko slocks. These plants 
were planted. The hejiring of these plants was mark(*d for some 
years, and it was found that there was no difference in their 
yielding. 

It will thus be seen tihat the trees worked on Mimusopn 
stocks are shy bearers. 
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Bassia latifoUa and CcdophyUum inophyllum are also used as 
stocks for chiku by some nursery-men, but I have no figures of 
yield from plants so grafted. 

Regarding the grafting of the Anacardiaceaj, I may say that 
I have repeatedly tried at Bassein to graft mango scions on 
Anamrdium occidentale, always meeting with failure. I have no 
experience of grafting the mango on Spo?idias species. 

If Mr. Furtado will get a few grafts of mango worked on 
Spcyndias mangifera and Anamrdium occiderUale, I shall be pleased 
to purchase two of each for trial, 

I note Mr. Furtado’s remarks regarding the influence of 
climates on the success or failure of graftings. I think that the 
evidence on that point is yet far from complete, and we may look on 
Mr.' Furtado’s statement as an opinion and not a proved fact for 
the present. 

May 1 bring to the notice of the botanists that the 
Calophyllum, wliich is grouped among the (luttifersB, unites with the 
distinct group of plant Sapolucese, when grafted, and that plants 
of cAie natui'al order, Anacwdium and mangifera, do not unite when 
grafted. 


Ganeshkind, Kirkbb : 
2m May, 1921. 


Yours truly, 
P. G. JOSHI. 



NEW BOOKS 


ON AGRICULTURE AND ALLIED SUBJECTS 


1. TEXT-book of Land Drainage, by Joseph A. Jeffery. (Rural 

Text-book Scries.) Pp. xx + 256. (London : Macmillan 
& Co.) Price 10s. Qd. net. 

2. Management of Dairy Plants, by Prof. M. Mortensen. 

Pp. xvi + 358. (London : Macmillan & Co.) Price 12s. 
6d. net. 

3. Insect Pests and Fungus Diseases of Fruit and Hops, by 

Percival J. Fryer. (Cambridge University Press.) Price 
26«. net. • 

4. Practical Dairying, by D. G. Saker. Pp. 130. (London: 

Methuen & Co.) Price 6s. 

5. The Handy Book on Pruning, Grafting and Budding, by 

J. Udale. Pp. 146. (London : W. H. Smith.) Price 2s. 6d. 

6. Vocational Chemistry for Students of Agriculture and Home 

Economics, by Prof. John J. Willaman. (Farm Life 
Text Series.) Pp. ix + 294. (Philadelphia and Loudon : 
J. B. Lippincott Co.) Price 8s. 6d. net. 

7. Agricultural Economics, by Prof. James E. Boyle (College 

Texts : Agriculture.) Pp. ix -b 448. (Philadelphia, Chicago, 
and London : J. B. Lippincott Co.) Price 12s. 6(Z. net. 

8. A Treatise on Manures, by A. B. Griffiths. (London : 

Whitacker & Co.) Price 7s. 6d. 

9. Agricultural Meteorology. The Effect of Weather on Crops, 

by J. Warren Smith. (Rural Text-book Series.) 
Pp. xxiv -b304 -p viii plates. (London : Macmillan & Co.) 
Price 13s. net. 
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10. A Texti-l) 0 ()k of Inorganic Iliemist.ry for University Students, 

hy I'rof. ,r. H., rartington . ]*j), xii ! 1002, (London : 

MacTnillan A’ Co.) TVicc 2.').s'. net. 

11. Swci'i. I’otiito, l)y 'r. E. lljiiid and K. L. Cokorliam. (liural 

Sciciirc Seri(>s.) (London: iMacniillan A' ( "o.) I'rice 1 (ts. ne1.. 

12. Agricidtiiviil lOconoinics, l>y Edwin .1. Noinse. ?])• xxvi -| 

S0<i. (( 'jimhiidge Univensity l*ic,ss.) I’ricc 2(».s'. not. 

Till' following |nilili» jitirn).s li;i.vc Ix'on is, sued Ity llic Imperial 
I )('|');ul.meMl of Agrienllure siiKX* <inr la.st issue; 

Mnuoifs. 

1. ,Slndi<‘s ill Soil Moisf iire. J*(.. I. by l>. JI. AV^ilsdon. li.A. (Oxon.). 

1 . ICS. (( ‘li(mii« ;d Series, Vol. V I , Xo. H.) I’riee l{. 1 -S or '2ft. 

2. Tl.ie \ ii iileix e of Tiibert l(‘ Iku illi i.solated from Bovine Livsions 

in India, by .\. L. Slieatlier. B.Sr.. Al.B.fW.S. (Velerinary 
Serie.s. ^'ol. III. No. 2.) Briie 11. 1-4 or l.v. Ki7. 
lb , Bovim* Lympliangit is, by A. L. Slnsitlier. B.Sc,. .M. |{.(‘. V.S. 
( \'eleriiiary Series, Vol. 111. No. 3.) Brice I*. l-8or2.s-. 

fiulh'liii. 

4. A Survey of lln' Imliaii Bojipy-growing Districts for .Morphine 
Coiilent of 1 he Opium ])roduc,ed. l)y II. 1\. Annelt, D.Sc., 
E.I.e.. M.S.E.A.C., Ifari Das Sen, M.Sc., and flarDayal 
Singh. JbSe. ( Bulletin Xo. 1 1 (b) Brici* As. 2. 

/iVyxu/. 

Proceedings of the Second Meeling of Agricultural Chemists 
and Bad (M’iologists. lu'ld a.t Pusa. on 7th hebriuirv. lf>21, 
a.nd following davs. Price As. in. 



PUBLICATIONS OF THE IMPERIAL DEPARTMENT OF 
AGRICULTURE IN INDIA 


TO BE HAD FROM 

The Office of the Aoiiioultukal Adviser to the Government of India, Puba, Bihar, 

and from the following Agentt 

(7) TUAOKKtt h OO., LTD., Bombay. 

(8) SUNDER PAN DUKANO, Bombay. 

(9) Rai Sahib M. GULAB SINGH A 
SONS, Lahore. 

(10) MANAGER, EDUCATIONAL BOOK 
DEPOT, Naopub, 

CO., Bombay. 

A complete list of the publicatious of the Imperial Department of 
Agriculture in India can he obtsdned on application from the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 


(1) THACKER, SPINK & CO., Calcutta. 

(2) W. NEWMAN k CO., Calcotta. 

(.S) Rai M. C. SARKAR BAHADUR k 
SONS, Calcutta. 

(4) HIGGINBOTHAMS, LTD., Madras. 
(6) THOMPSON &CO., Madras. 

(6) D. B. TARAPOREVALA, SONS k 


These publications are 

1. The A grioultural Journal of India, A Journal dealing with subjects connected with 
agricultural economics, field and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, imgation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements, and other agricultural matters 
in India. Illustrations, including coloured plates, fonm a prominent feature of the Journal. 
It is edited by the Agricultural Adviser to the Government of India, and is issued once 
every two months or m times a year. Annual Subtcripliont Rs. 6 or 9t. 6d., including 
postage. Single copy, K. 1-8 or 2r. 

2. Scientific Reports of the Agricultural Research Institute, Pusa. 

.3. Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agrioulture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(6) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Indigo Publications. 

9. Books. 

The following are the publications of the last two years : — 

Soientifio Reports of the Ajmcultural Research Institute and College, Pusa (including the 
Report of the Imperial Cotton Specialist), for the year 1918-19. Price, R. 1-4 or 2i. 
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THK PARADISE ELYCATCHE 



(Ungitiat ^titicUs 


SOME COMMON INDIAN BIRDS. 

No. 11. THE PARADISE FLYCATCHER PAR iDISl). 

BT 

T. BAINBRIGCE FLETCHER, R.N., P.L.S., F.E.S.. F.Z.S., 
Imperial Entomologist ; 

AND 

C. M. INGLIS, M.B.O.U., F.E.8., P.Z.S. 

The Paradise Flycatcher is probably one of the most striking 
of the birds that occur in India and is easily recognizable, at least in 
the case of the adult male, by the two extremely long tail-feathers 
which in some localities have earned their owner the name of 
Ribbon-bird. 

The Flycatchers form a group of birds feeding mainly on insects 
which are caught on the wing, the species of this group having very 
feeble feet, which incapacitates them from walking on the ground, 
their usual habit being to wait on some convenient branch and 
swoop down on their insect prey, which is taken in the air. Many 
other birds, such as the King Crow described in our last paper, also 
have this habit, so that we must not be taken to mean that every 
bird seen swooping down on an insect in the air is necessarily a 
Flycatcher. This group of birds is characterized by the presence of 
numerous long hairs stretching from the forehead over the nostrils, 
these hairs lying horizontally and reaching in all cases beyond the 
nostrils and sometimes nearly to the end of the bill. Over fifty 
species of Flycatcher occur within Indian limits and amongst these 

{ m ) 1 
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the genus Terpsiphone is distinguishahle by its crested head in 
conjunction with a tail as long as, or longer than, the wing. Three 
spetdes of Terpsiphone. are recorded in the Faunn volume on Birds, 
and of these T. paradisi is recognizable by its long and pointed 
crest, reaching to the upper part of the back, whilst the crest is short 
and rounded, not reaching beyond the nape, in the case of the 
Burmese Paradise Flycatcher (T. affinis), which occurs from Sikkim 
and North-East Assam to 'J’enasserim, and in the Nicobar Paradise 
Flycatclier {T. nimharica), which replaces the other two aj)ecies in 
the Andamans and Nicobars. 

The Paradise Flyc.atcher occurs throughout the whole of the 
Indian Begion from Afghanistan and Kashmir to Ceylon, but in the 
North-East, eastwards of the Brahmaputra, it is replaced by the 
Burmese species. It is found in most localities in the I’lains through- 
out the year but appears to migrate lo(jally to some extent, although 
there seem to be few exact records on this point ; thus, Oates si ates 
that it seems to be everywhere a permanent resident, whilst Dewar 
says that it visits the Punjab in great numbers in summer for nesting 
pi/rposes. We agree with Dewar that this bird does undergo a 
certain amount of local migration. In North Bihar, for example, 
it arrives about the end of March and leaves at the end of October, 
not being noticed diiritjg the cold weather. It is fairly common 
locally in Bihar. So far as our experience goes, the Paradises 
Flycatcher seems to occur most commonly in Noi-thern India. In 
C!alcutta it can hardly be called ccuumon, but stray specimens 
may be seen in gardens at all times of the year, and the same 
remark applies to Southern India. 

The Paradise Flycatcher when young is chestnut in colour, 
exce2)t for a black head and crest and whitish under-parts, and the 
female retains this coloration throughout her life. The cock bird, 
however, undergoes a very striking change of appearance, the two 
median tail-feathers grow'ingto a length of sixteen inches (t'.e., four 
times the lengtli of the other tail-feathers) after the autumn moult 
of the sec^ond year, these long feathers being retained iintil the 
following summer, when they are cast. After the third autumn 
moult, these long feathers grow again and the plumage gradually 
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begins to turn white (witli tlie exception of the feathers of the head 
and crest, which remain bJack), tJie wings and tail l)eing the first 
portions to be affected by the change ; the adult male bird is thus 
partly chestnut and partly white fur a time, and it is not until after 
the moult of the fourth autumn that the plumage of the body and 
tail becomes wholly wliite. Thereafter he remains white, with a 
black head and crest, and the two long white tail-feathers, looking 
like white rildnms, for the rest of bis life, and is a most striking object 
when seen on the wing. As (.'luiningham says. “ the first sight of 
one of them, floating softly along and seeming to swim through the 
air in a series of gentle im])ulses, gives rise to a very lasting mental 
impression. As one of the mature male birds flies along through the 
leafy coverts, in which they are mlist at home, the snowy whiteness 
of his long Avaviiig train gleams out in the light of the scattered 
sunbeams thai struggh; downward’ through the branches, and 
produces effects (|ui1e unlike tho.sc that attend the flighf. of any 

other kind (tf bird Even in their first dress, and before they 

Lave ae(piired their wonderful trains, they are strikingly beautiful. 
They have such full, bright, black eyes, such rich chestnut tints inthe 
wings and tail, contrasting Avith the shining black of < he head and the 
snoAVy Avhite of their und(wclothing. and their movements are so 
exceptionally graceful that it is hard to cease from AA'atching 
them, and AA'hen the^' are in all the glory of full dress, they nnist be to 
every one a source of vA’ondering admiration as they leap lightly 
about fronr lAvig to tAvig and float hither and thither aniong the 
branches.'’ 

Oates AATites that the notes of the birds of this genus are very 
harsh, but such a stafpement seems decidedly libellous and on(;e 
again Ave cannot do better than cpiote (’unningham, wh(» says that. 
“ whilst travelling about oA'cr the boughs, they continually utter 
twittering notes, Avith occasional louder calls, so like those of the 
Blue Flycatcher that, until the birds come into vieAV, it is impossible 
to make out which species one is listening to. Now and then, too, 
the male birds break out into sweet little songs. They are very 
lively and cheerful birds, ahvays on the move ; and the males 
constantly flirt' their great trains about, separating and closing and 



482 


AGRICULTURAL JOURNAL OF INDIA 


[XVI, V. 


undulating the long, trailing plumes in a wonderful way.” The 
Indian name of f^hah Bulbtd also presumably indicates that this bird 
is by no means devoid of song. This bird does, however, at times 
(generally when on the wing) utter a decidedly harsh note. 

All Flycatchers are insectivorous as a general rule, although 
some species take fruits, berries and seeds occasionally. The 
Paradise Flycatcher feeds on small beetles, flies, bugs, ants and 
spiders, as recorded by Messrs. Mason and d'Abreu from examina- 
tion of actual stomach-contents. It is, therefore, together with the 
other species of this group, a useful bird to the agriculturist and its 
utility and beauty fully deserve the protection accorded to it by the 
Law in Bengal', Bombay and Burma (but not in other Provinces, 
apparently). In Mysore also it is presumably protected as being a 
bird of bright-coloured plumage. 

The Paradise Flycatcher -lays its eggs in May, Jimc and July. 
The nest is usually a delicate little cup. never very deep and often 
quite shallow, composed, according to materials locally available, 
of moss, moss roots, vegetable fibres and fine grass, this last generally 
constituting the greater portion of the thin frame-work, which is 
bound around externally with cobwebs. The egg-cavity is from 2 to 
2l inches in diameter and from one to 16 inches deep, and is often 
lined with horse-hair or fine grass. The nest is affixed to the thin 
branch of a tree, as a rule in a mango tree between seven and thirty 
(mostly between ten and twenty) feet from the ground. Three 
or four eggs is the normal number, the egg being a rather 
long oval, somewhat pointed towards one end, about 20 nun. 
long by 16 mm. broad, in coloiir pale pinkish -white to warm salmon- 
pink, more or less thickly speckled, chiefly at the larger end (where 
there is a tendency to form an irregular cap) with rather bright, but 
somewhat brownish-red, spots, amongst which a few tiny, pale, inky 
purple blotches sometimes occur. Both the parents share in the 
duties of incubation of the eggs and feeding of the young, the male in 
such cases either ha-ving or not having attained his wholly white 
plumage. 

Our Plate gives a good idea of the male in wholly white plumage, 
as well as of the female and nest. 



FIELD EMBANKMENTS. 


I«Y 

T. GILBERT, B.A., 

Dcputii Director oj Agriculture, SoutJtern Division, Boinbag Prcsidenog, 

Thk writer feels that an apology is necessary for offering 
this paper for publication. He is not an engineer ; he has done 
little experimental work on the subject. His excuse for doing so is 
that he has had the opportunity of making observations in the 
Southern Maratha Country and South Bombay Deccan for some 
years, and believes that a record of his observations and opinions 
will bo of value to those engaged in following up the investigation, 
and he hopes to succeed in j)rompting tlie engineer to tell the 
amateur experimenter wher(f empiricism must replace a priori 
determinations . 

The writer’s thanks are due to Mr. (f. R. Deshpande, Superin- 
tendent of the Dharwar farm, for help in compiling the experimental 
details. 

The problems which field banks are called on to solve are the 
prevention or cure of surface erosion, and the distribution of water, 
and, incidental to the distribution of water, drainage. 

The grower of rice on undulating land has solved the problem 
of water^ distribution for himself. He constructs banks at frequent 
intervals along contour lines. The dry land farmer, on all but the 
most level land, has to face the effect of heavy rain storms on soil 
which is very easily washed away. He wants to prevent it being 
washed away and to conserve the water falling on the land. He 
wants to get rid of excess of water. He wants to distribute rain 

' KeatingOt G. F. Note on Soil Denudation in the Bombay Deccan. Proc. Bd> Agri 
India, 1910, p. 62. Howard, A. Loc, ci(., p. 45. 
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water falling spasmodically, over the optimum area and the 
optimum time. Ho has made many attempts on his own account, 
some successful, some not, and many involving the loss of 
thousands of rupees worth of capital. It is his case, that of the dry 
land farmer on undxilating black soil, where a rainfall of 10-30 
inches falls mostly in short sharp showers, that is crying out for help. 
His own efforts and his frequent enquiries arc sufficient to prove 
that his land is valuable enough to bear fairly lu'avy capital 
charge under this hcad.^ 

The cause of surfac;e erosion, as is obvious to the most casual 
observer, presents many phases : from the source as a small runnel 
in a field to tiie nalUi which slowly eats its banks away ; from the 
slow running nalla on a gentle slope to the fast running stream on a 
steep incline ; from the nalla which is contained within stet;p banks 
to that which periodically floods the land near it.s banks, some- 
times with damage, sometimes with benefit. Effect varies with 
these phases, with the amount and distribution of the initial cause, 
rainfall ; and the j)roblem at any phase, whether it be in the main 
one f)f erosion or water distribution, or of drainage, resolves itself 
into control of the movements of rain water. Erosiojx may have 
only attained its early stages, it may have ad vanced to the stage of 
complete denudation. I’ainfall may be so small that it is neccissary 
to concentrate it on an area much smaller than the total catchment' ; 
it may be large enough to aim at even distril)ution over its whole 
catchment area, or it may be so large that there is a surplus 
after such even distributioji. Classification'-^ of the problems can 
then only be purely arbitrary, and beiiefits to be derived from such 
classification doubtful. The establishment of general principles on 
which individual calculations can be based is required. 

'I'ake an example. Diagram 1 shows a conunon remedy adopted 
in a common situation. The " band is of black soil, on a black soil 
foiuidation ; the waste weir is of masonry, or of loose stones built up 
without mortar ; it may have a firm foundation, it probably has not : 
its position has been decided b}' guess-work. The result is the creation 

A Kcatiiige, G. F. L(K'. c#/., p. .>0. 

^ Kofttingc, G. F. Lcc. t*/., p. o4. 
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Tbe cultivatoi has done much to remedy these defects. He 
plants trees, shrubs or grass on the “ band.” He combines a simple 
automatic, or hand operated sluice with his weir, so that water is 
held up long enough to deposit its silt. A common form of sluice is 
illustrated by Diagram II. A loose stone weir serves a similar 



Diagram II. 

purpose, by allowing water to percolate. A perforated masoniy 
weir is sometimes erected. But sooner or later the cultivator 
comes to grief, because he has no calculations to tell him how strong 
to make his bank, or to give him the right dimensions and design of 
his weir. If he has been fortunate enough to make his bank strong 
enough in the first place, he has no calculations to tell him how far 
he can raise the level of his weir as silt accumulates, without endan- 
gering the bank. 




tlEtt) EMbAN&MENtS 




488 AQIlicULtUKAL JOURNAL OR INDIA V* 

In short, the problem is one for an engineer, and no man is 
wise in putting in money into a scheme for improvement on 
these lines without designs and without an estimate of strength, 
of cost, and of the cumulative effect by annual stages of water and 
silt distribution. Many cases occur where the area reclaimed 
is so small that it is probable that the project has been heavily 
overcapitalised. 

A more general view of the problem is shown in 
Diagram III. 

The owner of field A might put up an embankment similar to 
that described above. 1'lie owners of fields E and F might put 
up embankments a, b, c, and d, e, both quite probably without waste 
weirs. They would put them along the boundaries of their fields. 
Their effect, if they did not breach, would be to prevent soil being 
washed into a lower field but to accumulate washed soil on a 
comparatiively small area. '^Phe diagram also illustrates another 
point of view from which the problem has to be examined — the 
limitations to a method of solution, placed by tiie fact that one 
prjtcticable project may effoci several owners. Again, from the 
point of view of general rise in the productive standard of land, 
the individuaTs boundary embankment offers a very serious 
objection. MTierc this embankment is conceived on a fairly large 
scale and concentrates the surface drainage to flow over a single 
w'eir, the land below often suffers more than it' did prior to the 
erection of the embankment. The scheme itself may fail if a land- 
ow'uer at a higher level develops a similar scheme ; it will almost 
certainly do so if the original plan aimed at the cure of an 
advaiu;ed stage of denudation, by collecting silt washed off other 
men’s land. 

Specification of catchment areas and of gradients has been 
purposely omitted from the skek-hes, because the limits for practical 
solution, taking into account these and other variables, have yet to 
be worked out. 

Finally, the skeU-hes illustrate that a necessary consequence 
of any successful scheme of field enbankments is the gradual 
levelling of the land. 
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From the above discussion, a few propositions are derived, 
some of which are self-evident. Others will require proof by- 
calculation or experiment 

No. 1. That efficiency of field embankments or a system of 
embankments depends on — 

(a) a maximum rate of levelling ; 

(&) a maximum distribution of water ; 

{(■) a maximum distribution of silt. 

No. 2. That these maxima are limited by nature by — 

{(i) amount and periods of rainfall ; 

(/>) catchment area and fall ; 

(c) the degree to which erosion has already progressed. 

No. 3. That the efficiency of a bank depends on — 

(a) material available for building ; 

0 

(h) even distribution of water pressure ; 

(c) design of waste weir and sluice. 

No. 4. That the efficiency of field embankments or a system 
of field embankments depends on a minimum of interference with 
cultural operations — 

(a) from the point of view of direct obstruction ; 

(b) from the point of view of land being under water at 

sowing time ; 

(<;) from lihe point of view of reducing the cultivable area as 
little as possible. 

No. 5, That the majority of these ideals of efficiency can be 
a])proached more nearly t han by existing systems by— 

(rt) embankments along contours ; 

or 

(6) embankmejits along a straight line which is the nearest 
practicable approach to a contour. 
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OiaicramlV. 

Map of '* bandR** on contour lines on Dbarwar farm* 

Area A B 0 D B F definite limited, 7 acres 13 gnnthas. 

Oatohment area, A B C D B F only. 

Boundary CD protected by a road which has become a c]rainaf]:e channel 
above it. 

Soil, black cotton. Fall, about 1 in 60. 

8p§eifieaiUm9, 

From Bench mark B. mark out contour lines at 2 ft. vertical intervals. 
Construct a bank 10 ft. wide at base and 2 ft. hif^h alonjr each of these contour 
lines. Material for bank, black soil. ObtaintMl by tilougrhin^ the field and then 
Borapinff uphill from the upper half of an area defined by two contours. 

At points where contour lines meet field bounefaries, carry embankments 
uphill along the boundary, maintaining the height of 2 ft. above the original base 
level. 

Build waste weirs of stones fitted without mortar at points marked [ ]. 
Base level of weir 6 in. above base of bank. 

Waste weirs to discharge into drains along AF and FB, which must lead the 
water to a natural drainage channel. 
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covers only one of the many phases. Tt serves to illustrate 
principles only, and specifications given are not offered as a final 
solution of even this one specified phase. Their basis was 
conjecture and the results of the experiment, apart from a 
demonstration of principle, can only yield an empirical basis 
tor further experiment. The table on p. 490 shows the rainfall at 
Dharwar farm. 

The ordinary method of attacking this problem would have been 
to erect embankments along FE and along parts of DE and AF. 
The material for these embankments would have been dug from a 
narrow strip along their upper side. A weir would possibly have 
been constructed near E. 

It is evident, without reiterating discussion, that this method 
will be very local in effect, unless comteived on a very large scale ; 
that before, the whole field can be reduced to one level, water will 
have to be discharged several feet above the present level of E, and 
that such an ambitious scheme would iiiyolve the diversion of the 
barrier CD to admit wat«r and silt from outside : that in any case 
efliciency from the points of view of propositions No. 1 a, b, and c, 
No. 3 a and b, and No. 4 h is very defective. It is efficient from 
the one standpoint, proposition No. 4 a. 

A series of contour eml)ankments is offered as an alternative 
to a single marginal embankment,. There are the further alterna- 
tives of a series in straight lines approximating contours, and of a 
series parallel to the margin of a field. 

C^onsider any single contour bank represented in Diagram TV. 
It distributes water, but does not retain it, unless its two ends are 
diverted towards the higher level. It then complies with the 
standard of efficiency, that water pressure is distributed evenly 
along it, except only at its two ends where it departs from the 
contour line. The cumulative levelling effect of water flow has one 
dimension less to cope with than has water controlled by a straight 
bank. The truth of this statement is qualified by the proportion 
of the bank which must depart from the contour, and by the 
degree of uniformity of slope of the area on which the levelling 
effect is operative. , 
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Perhaps this is l)e8t illustrated by assuming a perfectly conical 
hill (Diagram V) of uniform texture and suhjecl to uniform 
precipitation of water. The immediate effecl. of a bank along 
contour 3 would be to accumulate water uniformly along its W’hole 
length, and the cumulative effect resulting from deposit of silt, a 
cone with base, line 3 superimposed upon a cone section. The 



immediate effect of placing banks at a tangent to the contour - 
vide hexagon described about contour 3 — would be to distribute 
water at uneven depths, and the cumulative eflect to deposit silt 
at unequal depths. In other words, energy would be wasted and 
consequently result delayed by distorting the original form of 
contour. An irregular polygon, that is one whose sides are not 
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tangent to a circle deecribed about 0, means a still greater 
distortion of contour form. 

It is again obvious that if bank 3 be breached at any point, 
any water accumulated along it will be immediately drained off. 
In practice a bank along the whole of a contour circuit would 
probably never be realized, in fact usually it will be a very small 
sector of that circuit. Therefore the bank placed along a contour 
in practice is not a bank capable of effecting any storage. If 
storage is effected by continuing the bank at the two ends uphill, it 
is obvious that the water can be drained off completely by 
breaching the bank at any point, except where it is diverted from 
the contour. The expression “ contour bank ” used hereafter will 
imply departure from contour at the ends. 

Multiplications of banks in series must be worked out with 
reference to each phase. Diagram VI depicts a slope AC with 



horizontal base BC. A bank raised at C would ultimately produce 
a new surface level DE. Two banks, one at • C and one at M 
(AM= MC), would produce two new surface levels JH and GF, and 
since the area of the triangle A J P is of that of the triangle ADM, 
the total movement by a natural agency involved to secure two new 
levels is ^ of that required to secure one new level. Similarly, by 
subdivision of the slope by banks so that AP= PM = MQ= QC the 
total movement involved can be shown to be ^ of that required to 
produce one new leveP. In other words, the amount of work 
expected of natural agency to reduce a uniform slope to one or 
more levels and consequently the time involved in completing 
this work, given that natural agency is sufficient, varies inversely 
with the number of equidistant banks. 


^HeuderBOU. Bombay Agri. Bepl, Bull, No* 04 , p, 1C. 
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This establishes for a uniform slope a simple ratio between 
vertical height, horizontal or surface distances between banks, and 
amount of soil to be moved, to secure a horizontal surface level 
between two banks, bixt no such simple ratio holds for a non- 
uniform slope. Is it possible to deduce a general expression which 
will give as a function of vertical or horizontal distances the correct 
intervals between banks, so that there is an equal amount of 
levelling by natural agency required in each interval ? 

A series of contour hanks naturally possesses the advantages 
already enumerated for single banks, over a series of straight banks, 
and in addition possesses t he ver}’ great advantage that the field 
need not be broken up by drains. Even if it is possible to build 
the main discharge from a straight bank at field margin, there must 
always be a sluice at the place where water stands deepest. Contour 
banks can make use of one original drainage channel, or divert wat er 
to a new channel, without breaking up a field by new drains as well 
as banks. 

('ontour banks obviously do not satisfy the condition of mini- 
mum interference with cultivation, unless they can be built so broad, 
compared with their height, that cuitivation can be done across 
them, and crops grown on them. It has Ixeen found practicable to 
harrow and drill across the banks in the experimental case quoted. 
Ploughing has yet to be tried. The necessary height of banks 
becomes less, the closer they are placed . If the other variable factor's 
preclude a similar design of section to that specified for the above 
described experiment, there is still the alternative, of straight banks 
lying as nearly as possible on contour lines, and the practicability of 
applying this alternative will depend on the frequency and depth of 
undulations along the line of the bank, or, in other words, the degree 
of approximation to the contour. The weight which must be given 
to this objection of interference with cultivation in straight lines will 
vary under different conditions of farm economy, but is generally 
heavy in the black soil country, where large areas per pair of 
bullocks are the rule, and it will increase if only because *the iron 
plough is spreading so rapidly. 
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' Commercial aspect, 

Tn spite of the general usefulness of its fruit and especially of 
the extraordinary property of its milky juice, the plant Carica 
Papaya has received but little attention as yet either of the agri- 
culturist or the scientist in India. 

From an examination of the details obtainable of the papaya 
cultivation in America, the Philippines and Ceylon, it seems that 
it should prove to be a profitable concern in India, specially if the 
papain industry and the various commercial products therefrom 
are systematically developed. 

The following information regarding the trade of fWlon in 
this economic product will show what possibilities there are for 
India. 

The export, of papain from Ceylon is in the hands of a few 
firms who buy from the villages in the interior and pay from about 
Rs. 5 to Rs. 7 per lb. The purified commercial papain fetches about 
12«. (Rs. 9) per lb. in the European markets. The following is the 
statement^ from the Principal Collector of Customs from Ceylon 
during the three years 1911, 1912, and 1913. This gives anidea of 
the local output and the destinations. 


♦ Paper read at the Eighth Indian Science Congress, Calcutta, 1921. 

* Tropical Agriculhirint, Vol. XL11, p. 107. 
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Cfjuntries to wliicli 
ox|)ortp<t 



Quantity 

j Value 

Quantity 

Value 

j Quantity | 

ValiK 


II). 

i Hk. 

Ih. 

I^K. 

! 11). 
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Kiii^drtin 

4,ur>4 

j 2tK:{2U 

o,oss 

:i4,;i;{2 

1 12,7t>.*> 

41,18.5 

FORKKJN (OIUNTRTES 

Belgium 



7t) 

220 

! tiir, 

1,881 

rierrnaiiv 


j 11,401 

I.70S 

7.1.50 

2,. *>,“).■) 

12,705 

FT. S. A. 

r»r)(> 

j 2,/)(M» 

2.04 S 

S.04S 

j 2.012 

i:i,078 

Total 

ti,(ii i 

! .14,221 

' 12,020 j 

.'tO.OOS 

1 1 .s,r48 

71,840 

The United 

States 

of America is 

the largest, consumer 


importing annually, it is estimated, to the value of £J 5.000 to 
£10,000. The j)ri( e in the United States for papain varies from 
7.S. Orf. to 15.9. j)er 11). aecordiug to the quality as tested to 
determine its digestive properties. 

The following extract from the Agricultural Report of Mont- 
serrat, 1 01 7-1 8. will show the coTtdition of the industry there in more 
recent times • 

“The actual exports of papain in 1017 totalled 1,877 ll>., in 
value £l,173, compared with 2.470 lb. valued at £l,500 exported 
in the previous year. The falling off in production is attributed to 
the neglect, of the cultivation of papaya amongst the planters, 
as a result of the greater attraction of cotton. With sufficient 
inducement there might be very (considerable development in the 
interesting industry.” 

In 1917, the Agricultural !8ociety of Ceylon was in receipt of a 
communication from Messrs. Charter, Cummings and Co., Toronto, 
(^anada, manufacturers and importers of pharmaceutical products, 
intimating that they were very large buyers of dried papaya juice. 
These correspondents were desirous of obtaining supplies of pure 
unadulterated dried papaya juice and desired that anyone 
interested should communicate to them or to the Secretary, Ceylon 
Agricultural Society. 

From the above statement it appears that at present the 
demand for unadulterated papain is more than the supply. 
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From an outline given below of the selling price and also the cost of 
the production of papain, it will be seen that papain industry in 
India would be quite lucrative : — • 


Number of trees per acre 

Minimum 

Maximum 

400 trecB (Bombay 
ProBidency) 

iMM) trees (040 grown 
in America) 


Ih. 

11). 

Papain @ ( lb. per tree (in Ceylon the yield of 



papain being J to ? lb. per tree) 

200 

2.'iO 


Rfl. 

Rs. 

filing price of papain @ Rs. fi — fi 



perJb. 

1,000 

1,.5(M) 

Deducting the co«!t of cultivation, collect ion and 



preparation of papain, etc. 

200 

200 

Profit from papain 

sm 

1.200 

Profit from fruit left after exi ract\pn 

1 

200 

1 

. . 1 

200 

Net profit- 

! 

1 .(MM) 

l,r>(M) 


'riie present supply of papain comes almost entirely from 
(Vylou and the West Indies, more especially from the i land of 
Montserrat. 

Commercial papain is often adulterated with arrowroot, starch, 
rice conjee or flour. Activity number, i.e., the quantity of protein 
digested by unit weight of papain in a fixed time and at a partiicular 
temperature, has been found to vary much in '.ihe commercial 
sampdi^. As estimated by the method of D. S. Pratt^ on milk 
protein, commercial specimens from Ceylon gave the following 
numbers : O’l, 5'6, 9' 7. A Mexico sample gave 12*9, while a West 
Indies sample gave 40*0. Prepared in the Philippine laboratory, 
fresh latex (on dry basis) gave 45*8, undried latex (on dry basis) 
gave 46*4, alcohol-precipitated papain gave 72*2, and Pusa 
prepared pure sample gave 44*4 on egg albumin (with milk protein 
probably this will give a much higher figure). 


^ Papain. Phih Jour- Sd- (1915), 10 , pp« 1 — 33. 
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Agricultural aspect. 

Historical^. De Candolle believes the plant to be a native of 
the Gulf of Mexico and of the West Indies and doubtfully of Brazil. 
The non-Asiatic origin of the papaya is proved by its 
having no Sanskrit name ; the modern Indian name being evidently 
derived from the American word papaya, itself a corruption of Carib 
ababai. Ainslie says it is a native of both Indies, an opinion held 
by many popular writers, but not supported by the botanists, 
Atkinson regards it as introduced into India by tlie Portuguese. 
It is pointed out by P^’andis that its name thimhawthi means 
fruit brought by sea-going vessels. 

In 1G26, seeds were seni. frttm India to Naples. The tree must 
therefore have been introduced into India at an earlier date or just 
after the discovery of America. 

Uses of papaya. The following interesting accoimt of the 
numerous uses of the papaya. <-hiefly by the natives of Central and 
South America, is taken from an article by F. B. Kilmer which 
appearc^d in *• The Americaji Journal of Pharmacy.’’^ 

“ Quite universal is the knowledge of the uni(pie property* that 
has given to the paj)aya its world-wide fame, viz., the power of its 
milky juice to soften and diss( Ive tough meat. The native uses of 
the j)apaya are numerous and varied. The bark is used in the 
manufacture <»f roj»es ; the fruit is edible and, according to the 
local conditions, may be sweet, refreshing and agreeable, or in 
other loc-aliticH it is sickly sweet and insipid. The fniif. finds 
a large consumption among the natives and is considered to be 
nutritious. 

The ripe fruits are eaten as melons and excellent preserves 
are made of them by boiling them with sugar (like citron). 

“ Green fruit is made into plain and spiced pickles which are 
highly esteemed. 

“ The seeds are reported as anthelmintic and emmenagogue ; 
they are also used as a thirst quencher, and form component part of 
a drink used in fevers and also used as a carminative. 

• Watt, (J. DicU Ecj. Pro, India, Vol. il, p. 151). 

* Juinaica Dtyl* Jgri, Bull*, Auguj^t 1003* 
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“ Syrups, wines, elixirs made from ripe fruit are expectorant, 
sedative and tonic. 

“ Pimples are cleaned by the milk of the ripe fruit. By its 
power of dissolving stains papaya has acquired the name melon 
bleach. The leaves or a portion of the fruit are steeped in water 
and the treated water is used in washing coloured clothing, 
especially black ; the colours are cleaned up and held fast. 

“ The seeds are eaten as a delicacy. The strange and beautiful 
races of the Antilles astonish the eyes of the travellers who see them 
for the first time. If they are to be believed, their clear, clean 
complexions and exquisite pulp-like flesh arise from the use of the 
papaya fruit as a cosmetic. A slice of the ripe fruit is rubbed over 
the skin and is said to dissolve spare flesh and remove every 
blemish.” 

The medicinal properties of papaya are numerous and well- 
known to the Indians^. Most of these properties are due to the 
presence of papain in the juice. The separation of papain was 
regarded as a c.ommercial secu’et. 

,Cnhimlion. Garica Papaya is a tropical plant, and outside the 
tropics it is grown as an ornamental tree that only occ'asionally bears 
fruit. In Hawaii^, it thrives best below 1,200 feet altitude produc- 
ing the best fruit in the warmest locality. Cold retards the growth 
of the fruit and its ripening. The plant once establislied is capal)l(; 
of enduring a wide range of moisture variations in the soil, but 
under water-logged conditions the plant suffers. It can be grown 
in various types of soil if proj)er drainage and aei’ation conditions are 
maintained, l^he papaya is usually propagated by seeds. Kecontly , 
however, a sexual propagation, such as grafting, has been tried in 
America^ and also in liidia^ (Lucknow) with some success. It has 
been claimed that trees so propagated fruit more quickly than 


* Kirtikur, K. H., and BtiKii, B, I). Indian Medicinal Phtnluj p]). 574 — 577. Dyiiuok, W. 
] htn mu^ jgra phicu Indicu. Uninry, .1.' fJ. Afjri* Ledger (1800), No. 51. 

* Hawaii Agri> Earpf. Stn. Bull, 32. 

* The Grafted Pajiaya as an Animal Fruit Tree. U. S J)epf, Agn. Bnn riant Indnn^ 
Vir, 119. 

* Dept* Land BtCt and Agri* U, P» of Agra and Otidh Bull, 37. 
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seedlings. Transplanting at various stages of the plant is possible 
without any injury to it. 

, It is best to plant seeds in well-drained porous soil covering them 
about half an inch deep. In from two to six weeks the seedlings 
appear, germination being hastened by heat. In about a month 
after germination the seedlings are large enough to be transplanted 
to pots in which they remain for another inontli before being placed 
in the orchard where holes four feet deep and four feet wide were 
dug previously. The distances between trees should be about ten 
feet in each direction. 

'Phe following fertilizer has been successfully tried at the 
Hawaii Experiment Station on young plants : — 



lb. 

Super£»hoHpliftt ‘ 

800 

Sulphate of potash 

315 

Nitrate of soda 

250 

Sulphate of ammonia . . 

JOO 

Black sand (volcanic a'fli) 

445 


This has been applied at the rate of 1 pound per tree at planting 
time, in Bombay Bresidem^y, house, farm or stable refuse 20 cari;- 
loads per acre has been used with success. It is also tound^ihat 
two ploughings and two harrowings just before sowing the seed 
improved the growth of plants. 

The papaya plants bear male, female or both kinds of flowers. 
Of course, those bearing male flowers do not produce any fruit. As 
the flowers appear in about five months after planting, the male 
ones should be picked uj) leaving only about 10 of these per acre. 
The plant, if properly manured, wull last from five to ten years, 
but the period of profitable productivity is usually not more than 
three or four years. 

Chamfinfi sea^. It is remarkable to note in this connection that 
on many occasions male flowering plants have been found to change 
their sex. Dr. John T. (lulik has noted an instance of this. A tree 
one and a half year old had produced only staminate flowers. The 
top of the tree was cut off, leaves plucked. After some months 
new branches appeared and these bore fruit. 

' lorils, M. J. A'ciewct, II. s. (1908), No. 708, pii. 12C, 120. 
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Breedilkg. There are various forms of the fruit. Some are 
elongated known as the Ceylon variety, some are round, some have 
short peduncles, while others are on- long peduncles. The forms 
depend mainly upon the distribution of sexes. There are good 
reasons to believe that by proper breeding it will be possible to 
produce the most desirable characteristics in the fruit only to hold 
the variety reasonably stable by the same means as are employed 
in maintaining the seed varieties of vegetables and garden 
flowers. 

Biochemicaj^ aspkct. 

Composition. 'Khe gejieral composition of the papaya fruit is 
shown by the following analysis {Maine >Sta. Bull. 158). 


Water 



Per coni. 

90-75 

Protein . . 



0-80 

Fat 



0-10 

Nitrogen free cxtiaet 

. . 


0-32 

Fibre 



1-09 

A«h 

. . 


0-94 


The total 8olul)le solids in the case of papaya fruit have been 
fouiul to be low throughout the ripening process and to increase 
us the fruit ripens^. 

“ The insoluble solids are al)out 3 per cent, in the green fruit 
and decrease to about 1 per cent, in the ripe fruit. The ash, acid and 
protein occur in small quantities and aie quite constant. The 
sugars in the green fruit, however, amount to over 2 per cent., 
but ncrease rapidly as the fruit increases in size and approaches 
ripeness. The hydrolisalde carbohydrates are almost nil, and 
fat, fibre and undetermined matter occur only in small amounts.” 

The most important property of the papaya fruit from a 
biocliemicat point of view is the proteolytic powci' possessed by 
the latex of the fruit. 

So universal is the knowledge of this unique property of the 
milky juice of the unripe fruit that it attracted the notice of the 
western investigators^ as early as 1878. 

^ HxpU ifec. 32 ( 1016 ). 

• Herr Witriiack of Horliii. Phttnn, Jour.y 3Uth N ov., 1878. JJr. Sidiu’y Martin of London 
Jour. Phy^ioL, 5, pp. 21:1—230; also ,/o»r. Phyniol., 6, l>p. 330—300. Wurtz. J.C.iS. 
Ahulrmf 1880* 6S» p* 750. WattH, F. Agricultural New if, 1,4. 
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Their researches were mainly directted to a determination of 
the composition of papain, the nature of the prodiuis of activity 
of papain on proteins, the medium in wiiich papain acts best, and 
the temperature suitable for it« action. 'I’hc literature on the 
subject is too extensive to be dealt with here ; many of tlie 
results which liave been repoitedare not conclusive and some are 
contradictory. 


Experiments c!arried out at Pusa 
Preparation of crude juipain. 

A one year old healthy plant was selected in the Ihisa kitchen 
garden, and with a specially prepared e])onite knife shallow longitu- 
dinal incisions not more than one-eighth of an inch deep were nnul(> 
on unripe well-grown fruits. The juic(i was collected in a glass 
beaker. It has been found that fruits having only three or four 
incisions can be made to bleed on subsequent operations after 
an interval of a day or two. but those having seven or eight 
incisions produce little or no latex when incised again, .lust atter 
rain the latex was thin and did m)t ooagulate at once (<.e., in 15 
to 30 min.) which was however the case with juice collcc.ted four 
or five days after rain. Marly morning is the best time t/o tap. 

The juice so collected was immediately filtered through a piece 
of thin muslin and dried at about 35“(,'. for two days when it formed a 
cream-coloured, hard but bi ittle mass having an unpleasant put rid 
smell characteristic of the papaya fruit. This was then linely 
powdered in a mortar and called crude papain. Pre})aied in the. 
above way, the yield of crude pax)ain was found to be 16 18 per cent, 
of the juice in the rainy season in Bihar, while that collected by 
F. Watts at the Antigua Experiment Station, West indies, w'as 
19‘4 per cent. 

A sample of papain prepared at Pusa was found to c ontain — 

(1) a globulin, 

(2) an albumin, 

(3) albumoses (in considerable quantity), 

(4) a milk curdling ferment. 
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The major portion of the protein, therefore, is present in the 
form of aJbumoses. This agrees with the results obtained by 
Martin and Pratt. There could be found no sugar or starch in the 
juice, neither did it contain any of the common ferments such as 
amylase, invertase, oxidase or peroxidase. The absence of oxidase 
and peroxidase in the sample prepared at Pusa may be noted, some 
workers having expressed tlu; opinion that these enzymes are usually 
present. 

The sample contained : — 


Total orphan ic iiitro);eri 

Per cent. 

9-(M) 

Albiiininoid nitrogen (a.s found by copper hydrate 

f)reei])i- 

t^tion method) 

2-44 

ArnmOniacal nitrogen 

O-oO 

Ash 

h-92 

Lime (CaO) 

1*21 

IVfagnoRia (MgO) 

219 

Potash (IC,()) 

Soda(Na.()) 

0*($0 

OdiO 

Phosphorie aeid (PjO.) 

()-9(> 


Parifimtion otid slmulardization of pajmin. 

Having obtained a sufficient quantity of crude papain, it was 
purified in various ways described below. A pure product may 
alsb be obtaii»ed directly from fresh late.x. Its preparation from 
latex was carried out as follows : — 

Twenty grm, of fresh latex were well stirred with 100 c.c. 
of 95 per cent, alcohol. A gummy white coagulum was thrown 
down that was readily collected in a ball. The alcohol was ])oured 
off and re])laced witli 50 c.c. of the same strength. The papain 
readily crumbled to a fine powder during the second treatment 
with alcohol. It was filtered, using the pump, and washed twice 
with ether to remove a semi-solid yellow wax and to facilitate 
drying. The washed papain was dried iu vacua, giving a perfectly 
white powder with a faint characteristic odour ; the yield of 
papain obtained was 3 grin. 'J^he time required from latex to 
dry papai»i was about 30 minutes. 

The activity of these various products was determined 
according to the method reconuuended by Heyl, Caryl and Staley^. 
1’he following results were obtained. 

* StandardiBtttioii of I’apaiii. .-fr/tir. 7o(ir. /'Aitm. (1014),86, 1<1>. S42-050: aUo /fnofy*/ 
(1915), pp. 57, 68. 
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Table I. 

Determination of proteolytic activity of papain purified in different 
ways. In each case 15 c.c. eyy albumin were made up to 
26 c.c. with 1 per ceM. NaCl and 1 r.c. papain 
solution (O'Ol yrni. papain) addea. The 
mixture ivas diyested for 15 
minutes at 80°C. 


I 


used ])rt*]jar(*cl 
as fullow*. 

Alodium 

J*rotein 

iinticled 

i*n>lem ' 
digested 

UmtK of 
protoin 
i digi'stcd 
i hy one 

1 unit wt. 
i of enzyme 

J*er cent, 
protein 
digested 
in ir> 
mill, at 
80® C. 

J’apaya juice dried at 

Nonli-l 

(Pi 07 


25-U 

55*0 

Al^ive sample (‘Ytraeted 
with water (10 tinu's) for 

0 lirs. and tilten^d ; the 
extract precipi{.ati*d with 

2 Yols. of 01 per cent, 
nlct'iiol and dri(‘d <»\er 


I 

I 

I 

' O-2t»0 

o-2:is 

23- S 

,71 -tt 

Fresh latex pre(!ipitat(‘d 
with 24 Vol.s, of 01 pf'T 
cent, alcohol and dried 
<»vcr(!a('li 


(Mo;i 

J 0-2.74 

1 25-4 

' .70-8 

AbifVe saniple washed with 
ether after a day's drvino: 
and Hiiallv drier! over 

('•an> 


! 

i 

I 

: ni47 

0’:{(Hi 

30-0 

r.7I 

Fre^h latex preeijt 1. l.erl 
with 0 vols of 04 per 
rent, aleohrt] and washerl 
.‘1 times with ellu*!’, dried 
o\er('a(l2 .. 

” i 

OISO 

i 

' 0-208 

2.7-8 

r>7-7 

Abr»ve sample 

Arid I 

0-1 4S 

0-200 

20-0 

00-8 

Same as in 0 and (i 

Alkaline | 

0 : 1 :. 1 

0-003 

0-3 

2-8 

Hlank, no enzyme 

NrMitnil ' 

0-447 

ml 

ml 

0-0 


These figures sliow tliat the samples prepared at Pusa (compare 
iavonrably with the best marketed products from the Philippines, 
Mexico or Ceylon. 

Tt will appear from wliat has been stated above that the 
processes involved in the preparation of both the crude papain or 
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the most active product are extremely simple, but unless the 
directions are scrupulously adhered to, the product will be very 
inferior in quality and consequently will fetch a poor price. 

In preparing the crude papain, the following points should be 
specially observed : — 

(1) The juice should be dried as soon as possible. 

(2) In drying, the temperature should not rise above 40°C. 

Both these ends are obtained in some places by drying 
on hot plates. 

(3) The final drying should be done, if possible, in vacuo. 

(4) Lastly, the product should be ground to powder and 

'at once bottled up using aii--tight stopper or packed 
in lead -lined wooden boxes. 

The effect of temperat ure and reAiction of the medium on the rate of 

action of papain. 

A few tests were made to elucidate these points because the 
available information is somewhat contradictory. The following 
results wcj'c obtained. 


Taulr 1 1 . 

Standardization of crude papain and testing of the dafe^stive 
aciioitjf in different media. {In all cases., difjestion 
was carried out far \ 5 minutes). 


Grm. uoagulabk- 



Quantity 

X of 


protein in 

15 i;.L-.ogg 
albumin 

Jn 1 'V. 
NaCi 

'ri'tupeiut lire 
of digestion 

of 

eoagulabb' 

piDtciri 

protein 

(eoagu- 

lable) 

Nature of 
niediuin 

Holutioji 


digested 

digested 


o-3oy 

1 e.e. 

40 C. 

0*0847 

27*43 

Neutral 

0*440 


y(M>o (‘. 

0*2030 

()5*84 

!♦ 




0*2000 

()0*45 

Aeid 




0*1655 

1 37*19 

Alkaline 

0*41)7 


80-88-C. 

0*2830 

60*60 

Neutral 


»» 


o* 2 s:io 

6<»*<K) 

»» 


2 e.e. . 


0*3405 

72*93 


0*o44 

1 c,e. 

8(rc’. 

0*2620 

47*29 


0*427 

»• 


0*2450 

45*22 

»» 

»» 

,, 

0*2590 

60*65 

»» 

n 

1 

»» 

*» 

0*2550 

1 

59*72 

»» 
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It will be seen that the Pusa sample of papain acted best in 
neutral and very slightly acid solution. A small quantity of alkali 
was found to decrease the activity considerably, but it did not 
totally stop it, as would be the case with pepsin. 

The result obtained for digestion at temperatures as high as 
80°0., 00°0., 95°C., are so remarkable that comment on them will 
not be made until the matter is further investigated. It is no 
doubt owing to this remarkable property that a few pieces of unripe 
papaya put into almost boiling tough meat soften the latter very 
quickly. 



TESTS OF PUNJAB WHEATS Nos. 11 AND 8A 
AT LYALLPUR, 19 1 5-1 G— 1919-20. 

KY 

0. T. FAULKNEH. B.A., 

Ihputff Dnurtof of Affrindfurr, LifffUjiur. 

Tkr relative yields of tl>ese two wheats have been tested 
every season since 1915-101 G ; the iinmber of tests amonnts to 170 
pairs of plots. Opinions and teste of their value to the miller and 
baker have been obtained by Mr. Milne, hjconoinic Botanist, Punjab, 
and also from Mr. Humphries, the well-known Home expert. 

They have been sown for thorough teste again this season 
(1920-21) on 60 pairs of plots, and it is hoped to have further milling 
and baking tests of this crop. But it seems advisable to sumrnari^^e 
results to date, and the results may interest wheat, growers in other 
provinces. 

A few words are necessary as to the history of these two wheats. 
Punjab 11, a bearded wheat with amber-coloured grain and reddish 
chaff, was one of the twenty-live varieties of wheat separated by 
Mr. Howard, Imperial Economic Botanist, from a collection of 
Punjab wheats. Previous to the distribution of any seed by the 
Agricultural Depart.ment, this variety already constituted the bulk 
of the crop over the greater part of the Lower Chenab Colony. 
Preliminary teste soon showed it to be a heavier yielder than most 
of the other twenty-four varieties, and further teste showed it to be 
better than any of them. One variety. No. 17, obtains a small 
premium over No. 11 in the market for superior quality of grain ; 
but continued teste showed it to yield distinctly less than No. 11. 
Another variety. No. 9, may possibly rival No. 11 as to yield under 
very favourable conditions as to soil and water, but it failed when 
compared with No. 11 on lighter soils with less irrigation. No. 11 

( 608 ) 
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also yielded better than Pusa ] 2 in practically every one of a long 
series of experiments at Lyallpur, under greatly varied conditions 
of soil and irrigation. 

The variety No. 8A is one of a large number found by Mr, Milne, 
more or less as strays, in various fields inspo. ted in the course of 
systematic and detailed surveys of the wheat fields of the province. 
Botanically the cbaracteristics of its ears are very similar io those of 
No. 11. The most useful chanu-tcristic for distinguishing the two 
varieties is the velvety hairiness of the glumes of 8A. Of these 
new selections. 8A is apparently the only one yielding nearly as 
well as No. 11. All these selections have been grown and studied 
by Mr. Milne. : and. out of some half dozen haivded to tlie .Agricul- 
tural iSection al Ijyallpur for trial, 8A has been proved to be much 
the heaviest yielder. yVnotlicr new .selection. No. sB, appeal's, 
from the tests qmite.d lat er, to f>e a wheat of highly superior cpiality ; 
but continued tests showed it to Ik* distinctly inferior in point 
of jfield at Lyalljnir t.o No. II. It might prove a very useful wheat 
elsewhen-,. 

As extracted from the annual reports the results a})})ear a^ in 
Table T (p. 515). Tlie standard deviation (root-mean-square of 
departure from average) of the differences have been worked out 
in each case where the number of pairs of plots is stifficient for the 
determination t > be of any value. From this the standard error 
of the average differeiuie has been calculated by dividing the standard 
deviation of the differences between pairs of plots by the square 
root of the number of pairs of plots in each series. According to 
ordinary statisticUl methods this would be the best way of judgi n g 
of the reliability of tlie results. 'I’lie standard errors tlms calculated 
are given in column 12. 

On examining tlie results it will be seen that they include 
statistically significant* differences in favour of both varieties. 

* If the frequency of the errorh in “ normal then an error, equal to 0 (1740 X standard 
error, will occur in one direction or the other in approximately half the experiments. A 
difference lees than two-thirds of the standard error must therefore certainly be regarded 
as insigniGcant. On the other hand, under these conditions, the chances are 24 : 1 against 
an error occurring in one direction, greater than 1*75 X s.e. A difference as great as this 
may therefore be regarded ai certainly significant. 
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The most reliable results are those under farm cultivation. If only 
the significant differences in these arc studied and ('ompared with 
the average crop, it will be seen that in the case of poor crops, or of 
comparatively unfavourable conditions, c.r/., experiments 1-4, the 
differences are in favruu- of No. SA : whereas under favourable 
conditions, as in experiments 8 10, where good crops of both 
varieties were obtained, the differcjices are in favour of 
No. 11. 

Moreover, the relative degrees of difference are consistent with 
this theory : the greatest differences in favour of 8A are in the 
poorest crops, and the greatest differences in favour of No. 1 1 are 
in the case of the best cro])s. 

The results of the experiments on the tenants’ area, though 
}»erhaps not entirely inconsistent with this theory, do not confirm 
it s(» well as might he ex])ec1.ed at first sight. But if the original 
dalia (given in annual roport.s) 1)e consulted, it will be observed 
that the tolu,! crop in the individual experimeuls varies very consi- 
derably. Kor instance, series No. 1 8 (Table I ) imdudes yields of 
over 30 maunds per acre. No. 20 includes yield ! of over 29 maunds 
per acre. aTul Ncs. 10 and 17 ijichuh* fields which yielded 20 
maunds per acre, ff the theory suggested be Irue. the 
averages of such series can hardly be e.xpected to prove very 
consist^mt. 

’Phe experiments on the tenants' area in each" year have there- 
fore beep re-arranged bj" grouping together all those fields in which 
the yield of No. 11 was within the following limits : — 

(1) Under 10 maunds per acre. . 

(2) 10 maunds per aci-e to 22 maunds pen- acre. 

(3) 22 .. ,. ,. ,. 28 „ „ ., 

(4) Over 28 maunds per acre. 

At the same time, an attempt has been made to deal with the 
resultis in the best way possible, in the light of the study of these 
experiments which has been carried on during the last few years 
(with Mr. Jacob’s assistaftce). In the first place the result given 
is, wherever possible, the average difference between one plot and 
the me^n yield of the two adjacent plots. In the second place, 
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the standard error of the comparison of two plots (or one plot with 
two adjacent plots), given in column 10, is not the standard devia- 
tion of these differences in the particular series, as in Table I. 
Instead, a roxmd figure is used, which is estimated from the root- 
mean square of the differences between plots of the same shape and 
size when both grow the same variety. As this method in general 
gives higher value for the standard error, and as the estimates for 
the errors have been liberal, the estimates of the probability of the 
significance of the results are very conservative, as compared to 
those arrived at by the ordinary method. 

For instance, the figure for standard error of the average 
difference in experiment No. 5 in Table I is 0'5!) maunds per acre, 
whereas the figure used in Table II (p. 516) for the same scries 
(No. 3 in this Table) is l’I2 maunds per acre. Finally, the mean 
differences, in the groxips of scries of experiments in Table II, are 
given in Table III (p. 618). 

Examining Tables II and III, we see that where the yield 
per acre is under 16 maunds, the results are all in favour of No. 8A. 
The average difference is li maunds per acre. When the yield, is 
between 16 and 28 maunds per acre, the result may be in favour of 
cither variety. Most of the differences are imignificant in compari- 
son with the standard error ; but some are certainly significant, 
so that it appears that, in the case of such crops, the result of 
growing 8A instead of No. 11 cannot be predicted. The average 
difference on all the experiments between these limits is negligible. 
Where the yield per acre is over 28 maunds the results are in 
favour of No. 11, and there is a highly significant mean difference 
of I ‘3 maunds. 

To sum up, the effect of growing No. 8A instead of No. 11 is 
variable. But as this effect is determined by some of the conditions 
which determine the yield per acre, there is some relation between 
yield per acre and the result of experiments in which the varieties 
are compared. When the crop is worse than 16 maunds per acre, 
8 A does better ; when it is between 16 and 28 maunds, either may 
do better in any particular field, the yields from the two varieties 
being about equal when the results from a variety of fields yielding 

3 
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this amount are averaged. With sufficient water, early sowing, 
well tilled land and a good season. No. II may yield as much as 
or 2 maunds per acre more than 8A. 

The two wheats being so similar in yield, it is necessary to 
consider very carefully any difference that there may be in the 
quality of the grain of the two varieties. 

For comparing the quality of these two wheats we have at 
present the results of tliree distinct series of milling and baking 
tests: — A scries of tests made by Humphries on the samples 
of the 1916-17 crop ;* scries of tests carried out by Mr. Milne, t 
in conjunction with various experts in this country, on the crop of 
1918-19 ; and a second series of tests by Mr. Humphries also on the 
crop of I9J8-19.* For the latter series, the wheats were grown in 
alternating strips in the same field, each repeated several times. 
The samples of each variety were labelled simply “ A,” “ B,” 
“ C,” “ D,” “ K,” the key to the lettering being retained at 

Lyallpur. Five wheats were included in all these series : — 
Punjab variety No. SA, Pusa 12, and Punjab varieties 17, 11 
and 8B. 

Only the shortest possible summary is here needed as to the 
results of these tests and judgments : — 

As judged by appearance : — 

1010-17 crop. Mr. Humphries judged Punjab 8B first, Pusa 
12 second, remainder about the same. 

lOlS-lO crop. Mr. Humphries would have priced them all 
practically the same : he would, if he were unable to use any other 
method, if buying for ordinary bread-making purposes, have 
preferred Pb. 1 7, and for the making of biscuit or pudding flours 
Pusa 12. 

Two experts who judged for Sir. Milne placed the wheats in 
the following order of merit : — 

Pb. 8A, Pb. 8B, Pb. 17, Pb. 11, Pusa 12 ; 
and a third expert in the order : — 

Pb. 8B, Pb. 17, Pb. 8A, Pb, 11, Pusa 12. 

♦ ReBultB not yet publiahcd. 

t Heaults reported ia^the Ann^ Kept, Punjab Agri, DtpU^ 1918-19, Pc, 
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Results op milling and baking tests. 

1910-17 crop. Taking everything into consideration, Mr 
Humphries found Pb. 8B and Puca J 2 very good, 8A poor, remain- 
der medium. 

1918-19 crop. As to their behaviour in the mill Mr. Humphries 
places them in the order : — 

Pb. 8B, Pb. 17, Pb. 8 A, Pb. 11, Pusa 12. 

After the baking tests, taking ever>i;hing into consideration, 
he placed them in the order : — 

Pb. 8B, Pb. 17, Pb. n, Pusa 12, Pb. 8A. 

He regards Pb. 8B as of outstanding merit, and worth two 
shillings more per quarter than Pb. 8A. 

On practically all considerations affecting the miller, Mr. 
Milne’.'^ tests place Pb. 8A and Pb. 8B at the head of the list, followed 
by Pb. 17, Pb. 11 and Pa.sa 12 in the order given. 

Mr. Milne does not appear to regard his baking tests as very 
reliable. An to size of loaf his " order of merit ” is distinctly differ- 
ent to Mr. Huniplirios. The latter found all to behave as strong 
wheats, comparing well with “ London Households but* he 
found them to differ little from each other ; so that it i.s not 
remarkable that Mr. Milne’s ordi r does not agree exactly with that 
of Ml'. Humphries. 

As to colour of loaf and crumb. Mr. Milne places the wheats 
in the order : -- 

Pb. 8B, Pb. 8A, Pb. 17, Pb. 11, Pusa 12 ; 
and Mr. Humphries in the order ■ 

Pb. 8B, Pb. 11, Pb. 17, Pusa 12, Pb. 8A. 

He, however, makes litt.le difference between the last 

four. 

To convert these differences in quality into annas per maund 
we have only Mr. Humphries’ statement, that after making these 
tests and assuming that a large bulk could be obtained similar to 
the sample, he would give two shillings per quarter more for No. 8B 
than for No. 8 A. Mr. Humphries regards Pb. 11, taking everything 
into consideration, as better than No. 8A,_so far as the tests have 
gone yet. 
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But evidently the difference ifi only a matter of a few pence 
per quarter, equivalent to perhaps an anna per maund. On the 
whole, all we can judge fr(*ni the tests as far as they have gone yet, 
is that there would be no great difference in the quality of the grain 
of the two varieties ; and from the figures of the tests of yield it is 
evident that whatever be the final decision, the introduction of 
8A instead of No. 11 will not greatly affect the total production of 
the colonies. 

It is evident that, in the wheats Pb. 11 and Pb. SA, we have 
varieties remarkably well suited to local conditions. It is evident 
that it will not be easy to find a wheat which will be a marked advance 
on these tw(). It is probable that in regard to wheat we have 
nearly reached the limit of advancement by selection. Experience 
with the Pusa and other imported wheats suggests that it would be a 
very lucky chance which gave us any imported variety superior, 
in the local condilions, 1o our local wheats. For further improve- 
menl. we shall probably have to look to cross-breeding with Punjab 
wheats. 



Results of tests of Punjab wheats No. 11 and No. SA, a.o extracted from Annual Reports. Standard 
errors calculated from standard deriation of differences between adjacent plots. 
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♦ In other words^ a difference as gieat as. prenter than, 1 inannd<- in fa^oni of HA may he ex]>c-cted t«> occur sim})lydue to the 
unavoidable errors of the experiment, 10 times in 100 repetition^ f’f the experimert iindei similar conditions. A difference, in favour of 
No. 11, as great as. or greater than, 1 ‘ol mannds would aKo occur nierel> due to errr r 10 in lnOtin>z«. Similarly >(> ereat a ditfercnce a-* 4*27 
maund’s would only occur as a result of errors 7 time- in favour of each variety in 10h,(M» repetiticn- of Kxi.en.nent No. 3. 
t Mean differences between each plot of SA and the mean yield of the two adjacei t plots of X'.. II. 
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Table III. 


Mean differences in the groups in Table II and standard errors of 
these means calcidated from standard errors given in Table II. 


Fields yielding 

NuTiber of series of 
experiments 

Total number of 
pairs of plots 

Mean difference (-h) in 
favour of No, 11 or 
( — ) in favour of 
No. 8A 

Elstimated standard 
er or of mean 

difference 

c 

£ 

o 

Column 6 I 

Probability that 

IT ean difference is 
statistically signi- 
ficant 

Under 16 maunds per acre 

5 

26 

- 1-645 

0-563 

2-76 

1 

0-907 

Between 16 maunds per acre 





i 



and 28 maunds per acre 

14 

102 

- 0-060 

0-368 


•• 

Over 28 maunds per acre 

•4 

42 

+ 1-320 

0-321 

4*10 

0-00008 




ST RIGA AS A ROOT PARASITK OF SUOARCANK. 

ny 

.7 A] (’HAND LIITIIKA, M.Si 

Assistant. Projcssor oj Hot any, AtjncuUural Oollcye, Lyalljiitr. 

In Septemlter 1920, when the writer was checking tlie cotton 
survey in the Sainrala Tehsil >f the Ludhiana District, reports vvere 
received of the oc.< urrenc«' ol a serious pest in tlie sugarcane fields 
of the “ Bet ” lauds of tlie river Sutlej. On examining the affected 
canes, it >vas noticed t.hat they were badly attacked by the parasitic 
plants of the genus Slrlijn, natural order ScropJnxlariac-eie. Two 
distinct species were found and they have since been identifie<l as 
Stri.f/a densi flora Benth. and S. eupftmsioides Benth. 'J’hey arise from 
the bases of the canes in large i. rmbers and hundreds of these were 
found together at one place (Plate XXIV, fig. 7). They appear in 
clusters even at some distance from the canes but tliey have under- 
ground connections with them at the roots ( Plate XXTV, fig. 2). The 
two species were met with in different fields. S. demiflora occurs in 
the villages of Shergarh, Fatehgarh, Makowal, etc., and S. euphrasio- 
ides has been found in the canes and jowar {Andropogon Sorghum) 
fields of Pawat village. 

Bet lands are low^ but beyond the reach of the flood water and 
are very suitable for cane cultivation. The variety of cane grown is 
katha and is mainly cultivated within the first twelve or fifteen miles 
of the Bet. Sugarcane is an important crop in this tract but in some 
fields it has been ruinously damaged by the parasite. Many patches 
are seen in the fields where the canes have been killed by the pest. 

The parasite is said to hav been first noticed about seven years 
ago in the village Garhi which lies in the Patiala State territory. In 
Sherpur and Fatehgarh it has been seen now tor three year.s 

{ 519 ) 
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The canes attacked by the parasite remain stunted, their leaves 
wither and have the appearance of a drought-stricken plant. Some 
of the canes are totally killed by association of the parasite, while 
others have evidently withstood the atttuik and are affected very 
little (Plate XXTV, figs. 1 and 2). 

It remains to find out how the parasite injures the cane. Several 
opinions are on record with regard 1.o this problem. There is no 
mention, however, of any observations having been made on the 
parasitism of Slriga. Both S. demiflora and S. euphrasioides 
are known as root parasites and as such they attach themselves by 
their roots to the roots of the sugarcane (Plate XXV). They 
suck the sap from the host which, being deprived of its nutrition, 
suffers from starvation and ultimately dies. In the “ Dictionary of 
the Economic J’rodui-ts of India” by tJeorge Watt it is mentioned 
that “although no Indian writer has especially noted the direct 
attachment of the Striga weed to the roots of Sorghum or Hacohamm, 
yet there is little doubt that it is in that way that the weed effects its 
destructive mission.” in another place in the same book it is stated 
that the pest only appears when the land has been exhausted by over- 
cultivation. The exhaustion theory is refuted easily by the fact 
that as >S7r/^a appears in cane fields it must have some affinity and 
connection with this crop and not with soil alone. Similarly doubt is 
entertained regarding the parasitic nature of Slriga lutea which 
grows on the roots of joivar, though it is proved that if joivar is 
grown for a number of years successively the parasite continues 
to appear, and if (cotton is planted on the same field it disappears.” 

The investigations dealt with here have been only recently 
started and good deal of work has yet to be done, but the few 
observations so far made will enlighten us on the parasitism of 
Striga and its relationship with the roots of sugarcane. 

In the Samrala Bet sugarcane is sown in April-May and the 
parasite comes out in July- August. Many offshoots are given off 
from the underground portion of the stem of the parasite (Plate 
XXV, fig. 1). These offshoots pierce through the ground and come 
up. Cracks are seen in the soil where the new shoots are making their 
way upwards. From 15 to 30 offshoots ha ve^ been counted on one 
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plant of Striga. Fresh offshoots continue to arise till September- 
October. By this time older offshoots produce flowers and seed is 
formed. Htriga comes to maturity in December and both tlie aerial 
as well as the underground parts alt ogether dry up. The seed is very 
minute and light. It is produced in large quantities in small capsules 
which burst longitudinally when dry and let the seeds go out. 

There are 50 to 70 capsules on one shoot. A seed measures 
0’3 mm. in length and 0‘1 mm. in breadth. Myriads of these tiny 
seeds are liberated from the capsules and fall on the field, after the 
parasite has matured. The seed of the parasite remains in the soil 
and germinates if sugarcane is grown there in the next season. The 
parasite reproduces from seed and vegetative reproduction does not 
occur. Every part of it dies when its season is over. (Generally the 
seeds of such para.sites germinate at the time when the proper host is 
growing near by. I’he sowing of cane in fields already infected 
with the seed of the parasite would supply the necessary stimulus 
for its growth. In the case of Orolmicfte ittdicu it has been found 
that its seeds do not germinate until tobacco or mustard or ])etunia 
is grown with it. 

The characters of the two species of Striga examined are almost 
the same as those described b) Hooker. Difference, however, is 
found in the iieight of S. densijiora wliich grows to a height of 30 
inches against 18 inches as mentioned by Hooker. Leaves are 
small and green. Flowers are white, but they turn bluish when dry. 
The whole plant becomes black in dry condition. The cause of the 
wilting of the sugarcane in these cases lies in the root. 1 f a cane and 
the parasite situated near it are dug out by the roots, it is found 
that the roots of both are mixed up in a tangled mass, but the 
roots of Striga are white and those of the cane are black and they can 
thus be differentiated from each other (Plates XXV and XXVI). 
Boots of Striga branch extensively forming a network of fine rootlets 
which closely invest the rootlets of the affected cane. The roots of 
the parasite bear a large number of white spherical nodules called 
haustoria (Plates XXV and XXVI). In some places they are 
present in rows. The haustoria are often found united with the 
rootlets of canes (Plate XXV). By means of these haustoria the 
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parasite secures its connection with the host and draws nourishment 
from it. Haustoria either arise freely from the parasite’s rootlets or 
may become fastened on the roots of the host. They vary in size 
from one millimetre to three millimetres. Some of the haustoria 
send out thread-like processes. In one instance, two haustoria borne 
on adjacent rootlets of ^triya have been found united. Rootlets of 
Striya bear root hairs also (Plate XXVJ, fig. 4). The root hairs 
are comparatively few and are poorly developed. 

The structure of the haustorium has been studied in a number of 
sections cut at various places. A free haustorium is made up of 
parentrhymatous cells. The central region looks darker than the 
peripheral portion. The outer cells contain stanih grains, and the 
cells in the centre appear to be full of protoplastn. The portion of 
the haustorium next to the parasite’s root contains reticulately 
thickened xylein vessels. These vessels arc connected with similar 
vessels in the parasite’s rootlet. Probably nutriment for the hausto- 
rium is supplied through these, vessels. 

The haustorium on attacking the rootlet of cane brings about 
se'^eral changes in itself as well as in the host’s root. In order to 
understand these changes we should first study the structure of the 
root of sugarcane. 

A transverse section of its root shows the epiblcma on the 
outside where root hairs are also seen. There is very little of cortical 
tissue. Almost the whole of the cortex is occupied by air cavities 
which are separated from one another by strands of tissue. The 
endodermis is well developed and its radial and inner w'alls arc much 
thickened. The vascular tissue consists of xylem and phloem 
bundles which vary in number and enclose a pith. The presence of 
large air cavities shows that the roots of sugarcane are adapted to 
aquatic conditions. 

The haustorium, when it invades a rootlet of cane, easily breaks 
through the cortex and comes to lie against the endodermis. The 
walls of the latter being strong and cutinised arc not injured by the 
haustorium. At this point a process called the sucker develops from 
the haustorium and grows inwards. It ultimately ruptures the 
endodermis and penetrates into the vascular tissue. In the sections 
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passing through this portion of the attacked root the sucker can l)e 
traced right into the xylem. The reticulate vessels which extended 
up to the middle in a free haustorium are formed in the whole of it 
as well as are seen in the sucker. There is thus a continuous vascular 
tissue running through the parasite's root, the haustorium and the 
root of the cane, to conduct away the fluids from the host to the 
parasite. 

Striga has green leaves which contaiji mesophyll tissue 
and chloroplasts. Being thus provided with tlie necessary means 
for carrying on anabolic processes it cau elaborate its own food. 
While parasitizing oji the host's roots Striga plants must be 
absorbing food materials from the soil by its root hairs. The 
Striga therefore (amies in the category of semi-parasites. The 
existence of a few sucli parau-^ites would not do much damage .to 
the host, but as it occurs iji thousands in a cane field the cumuhi' 
five effect is very harmful. In the villages mentioned above it is 
prevailing to an alarming exttmt. and unless preventive measures 
are adopted to check its progress it will spread to those areas 
where it is not present now. , 

As regards measures for its eradication nothing definite can be 
said at this stage of tin* study of t he sul »ject. But from our experience 
of other flowering parasites, vir... (hahanche^ , it can be sabdy stated 
that the weeding out of tlie parasite by hand from time to time 
before its shoots flower would be very helpful iji kee])ing it down. 
'Pile parasite being removed before its seeds are formed the soil 
will not thus get fresh infection from the seed. 

Cotton is not susceptible to the attack of the jiaiasitc and 
wherever possilile its cultivation should be encouraged in place of 
sugarcane in the affected areas. 


* Shaw, P. J. F. Oro'mnche as a I’arasite in Uihar. Mrm. Depl. Agri. India, Bit. 
tier , IX, No. 3. . 



SOME PRACTICAL HINTS ON THE MANAGEMENT 
OP ORCHARDS IN INDIA. 


BY 

U. B. SJST. B.A., F.H.H.H., 

Proprietor, Ivy Niirnerij awl Seed Store, Caleuttn. 

Thr interesting and useful article on “ Woolly Aphis ” or the 
“American Blight,” contributed by Mr. C. S. Misra, B.A., First 
Assistant to the Imperial Entomologist, in the November (1920) 
issue of “ The Agricultural Journal of India ”, together with the 
valuable note of the Imperial Entomologist, has tempted me to 
suggest a few practical hints on the successful management of 
orchards in India. 

It is indeed painful to observe that this serious insect pest, 
the “ Woolly Aphis,” first noticed in this country sometime in 1889, 
should have spread so rapidly and virulently as to become an object 
of alarm in most of the apple-growing districts in India. This, I 
believe, is due partly to ignorance and partly" to negligence on 
the part of our Indian fruit-growers, and a few practical hints, 
therefore, may be of some service to the owners of orchards in 
India. 

The first important thing that a fruit-grower has to bear in 
mind is to keep his orchard always clean, that is to say, he should see 
that it is free from rubbish, weeds, clumsy grasses, untidy hedges or 
fences, surface drains full of fallen leaves, dead twigs, etc., which 
offer secure shelter to insect pests of various sorts. Cleanliness, clean 
cultivation, is the essence of success in all horticultural business, and 
especially that of the fruit-grower. Keeping orchards continually 
clean should have a great value to the entomologist who desires to 
prevent the spread of insect pests in orchards. Cleanliness may not 
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have direct remedial values, but is surely a precaution against 
further growth and development of many of the formidable 
iivseot pests found so often in orchards, by eliminating their 
possible lurking places, where they hatch innumerable offspring, 
and whence they are ready to emerge at any time. Again, there are 
certain night-feeding forms, which must needs seek shelter 
for security during daylight, and their onslaughts may be 
minimized and kept under control, if their hiding places are 
permanently destro 3 ’'ed. Constant pests like “ Woolly Aphis,” 
the “ Apple Sucker ” or the “ f’odling Moth” may be got rid of or 
kept within control by taking direct vigorous measures against 
them : but there are numerotis occasional pests Avhicli, altliough 
far less important individually, occur sporadically and irregularly 
on fruit trees, which In’ their total effect (“aiise a serious Loss 
to the crop. It is impr)ssil)le to take any direct measures 
agaimt each (uisual ])est. since one never knows when they will occur, 
or whether t hey will occur, but something can be done indirectly to 
discourage their activities in an orchard by keeping it continually 
clean, thereby destroying all possible sources of their hiding places, 
where they multiply daily in large nmnbers. 

The second import.ant point that a fruit-grower has to note is a 
careful and jtidicious pruning of his fruit-trees at regular intervals. 
A correct and intelligent pruning in an orchard is as necessary as 
careful and intelligent planting. 1 say correct and intelliffenl, as I 
Jiave seen hundreds of instances of very bad primings at the hands of 
our inexperienced and illiterate Indian malis and workmen, who 
think that they are masters in horticulture, and can do all with a 
pair of shears once a year ! Such reckless pruning would be even 
worse than no pruning at all, and should be discouraged everjTvhere. 

While no hard-and-fast rules can be laid down for a correct 
pruning, it is safe to suggest the few following hints, which are 
applicable generally to all trees in an Indian orchard for their good 
and beneficial effects : — 

1. Immediately the fruiting season is over, cut off, every 
year, all dried and weak stems, especially those which appear sick 
and diseased. By this mode the trees are much improved and 
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stimiilated, and often encouraged to send forth new and healthy 
shoots with greater vigour and rapidity. 

2. All barren trees in an orchard which have failed to produce 
fruits for a number of years require severe pruning, by cutting 
them hard back, retaining only the most vigorous and healthy 
branches. For the next two successive seasons, they should be left 
undisturbed, removing only the dried and decayed stems, if any. 

3. The pruning should always be made with the aid of some 
sharp implement. Never use hlunt. shears or secateurs. The long- 
handled tree-pruners, which are made in various lengths, are unques- 
tionably the most simple and useful implements in an orchard for 
pruning branches that are out of your arm’s reach. For big and old 
branches, a pruning-saw is another very necessary tool, where 
pruning-shears or secateurs arc not strong enough. 

4. The cuts made by luuning should be as smooth as possible. 
For this reason two or three chisels of different widths should be 
kept in an orchard for paring the surface of any branch that has been 
Cull with a saw, for a smooth surface soon heals over, whereas a rough 
one holds moisture, whic.h frequently means the beginning of decay, 
and through such cuts fungi may enter the tissue of the plant. For 
this reason it is a wise precaution to paint over wdth coal-tar all cut 
surfaces in trees of more than an inch in diameter. 

5. Never prune strong and healthy branches of an already 
fruit-bearing tree, as by doing this you will not only retard their 
progress of growth. l)ut have every- chance of doing substantial and 
permanent damage to the plant. 

The next item for consideration to a successful fruit-grower 
is to provide a due and adequate supply of light and air in his orchard. 
A good and wholesome air with enough of sunlight and rain is 
equally necessary to keep the plants healthy and free from insect 
pests. For this reason, your fences should be as open aT possible 
and practicable. Ideal woven wire fences, as advertised by Messrs. 
Burr & Co., are most suitable for all ag5 cultural purposes and 
should be invaluable for the fruit-grower. If there must be hedges, 
let them be as open as possible, especially below. Of course, they 
should be sufficiently thick to be cattle-proof and protective against 
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thieves, yet there should be enough opening to admit a free circula- 
tion of air in orchards. 

Overcrowding of trees in an orchard is another drawback to 
getting a produce of perfecst marketable fruits without blemish. 
Every orchard should be started on the basis uf this fundamental 
principle, by planting the trees at such distances as will prevent 
overcrowding on their attaining full growth. Tn old orchards, where 
trees are found to be too thickly planted and none producing perfect 
crops, they should be thinned out at intervals. 

The fourth important thing for a modern successful fruit- 
growing business is the elimination of the grass-growing business 
completely from an orchard. The tillage of the soil under fniit-trees 
and between the trees has a great influence in keeping down pests. 
^Y]lere the fruit of an orchard is not the first necessity, grass may be 
grown under the trees ; but if the <»rchard is primarily for fruit of the 
perfect kind that sells well or stores well, permanent grass is a great 
mistake. Insect pests of various kinds coming from the tree find a 
secure shelter at the surface of the soil among grass stems ; some 
go deeper and get into the soil. Many caterpillars, in the interval? of 
feeding, shelter themselves araong.st the grass aroiind the trees, and 
some, w'hen about to pupate, go deeper and penetrate in the soil. 
If there be, no grass, they may be easily turned out and killed by 
tillage. But permanent grass prevents this from being done. 

'riie last though not the least important thing for a fruit- 
grower is to have in his orchard always an adequate supply (jf 
suitable insecticides by which his trees are to be sprayed at regular 
intervals. Among the valuable insecticides may be mentioned 
tobac(5o sohxtion, kerosine oil emulsion, lead chromate and various 
contach poisons. Of all these insecticides, lead chromate is of first 
rate importance in an orchard. For, lead chromate, properly made 
up, is a wash that remains on the foliage the whole year that makef^ 
it distasteful to all biting insects, e.g., caterpillars, saw-flies, 
weevils, etc. It is a ^ rotective wash, and has a special value in 
keeping the foliage of fruit-trees immune from all this class of 
attack. To compose this valuable insecticide, you are required to 
add some soap, as simply lead chromate and water will not “ wet ’’ 
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tte leaves of trees. If one part of lead chromate be mixed with 
l,600partsof water and some quantity of soap added just necessary 
to “ wet ” the leaves, it will probably make one of the most 
valuable insecticides for an orchard. 

If a fruit-grower be cautious from the beginning, having, so to 
speak, a nightmare vision of an orchard as a place full of lurking 
insects ready to leap out of their hiding places at any time, if he 
would take enough care to keep the environment continually clean, 
to keep his plants always neat by careful sprayings, to give all the 
good of the soil, all the sunlight and rain to his plants, to avoid 
overcrowding, and to grow what he actually wants and nothing else, 
I am sure such dreadful insect pests like “ Woolly Aphis ” can never 
possibly take such a firm footing as has been sadly experienced by 
growers, but can be successfully kept under control without much 
trouble or expenditure. 





THE GROWTH OF THE SUGARCANE.'' 
m 

0. A. BAEBBR. Sr.D., F.L.f=^. 

X. CONCLFSION. 

Tn the preeedins articles of this series, various aspects of fhe 
growth of tlie sugarcane plant have been passed under review. 
We have traced the manner in which the seed germinates and 
forms the young seedling cane and have shown how the planted out 
set renews the growth of the parent plant, and in both cases we have 
noted the steps by which the mature bunch of canes is formed. We 
have dealt with the manner in which this plant, debarred by the 
absence of a cambial ring from increasing in thickness in a normal 
manner, builds up the cane thickness appropriate to the variety , 
and the two stages of growth common to all grasses have been 
discussed, whereby a foundation is first laid underground, consisting 
of an intricate network of stems, and when this is completed the end 
of ea(di shoot thus formed is pushed into the air as a solid cane, often 
terminating in an inflorescence or arrow wliich puts a stop to its 
further elongation. Considerable attention is paid to the first, 
underground stage of growth, for this has apparently been neglected 
by former observers, and wc have shown by means of dissections 
and diagrams that tlie branching system of the cane lends itself to 
expression bv a simple formula, and that such formula, consisting of 
many terras in the wild species of SaccJiarum, gradually decreases in 
length as we pass through the various groups of indigenous Indian 


♦ Reprinted from /n(. Sugar Jour,, October 1020. 
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canes until, in the ordinary canes of tropical countries, the formula 
is very short and the intricacy of branching is reduced to a mi nimum. 
In a mature plant, it has been shown, not only that tlie individual 
canes are branches of various orders, arising in a regular manner 
after and from one to another, but also that the branches or canes of 
difierent orders have very definite characters by which we can at 
a glance distinguish them from one another. In late or early 
development, length and thickness of joint, rapidity of growth, 
ultimate sugar content and other characters, the canes of a plant 
often differ among themselves more than do the canes of different 
plants or, indeed, varieties ; and this accounts for the well-known 
fact that the cane crop arriving at the mill, even from a uniform 
field of one variety, often appears to lie a very miscellaneous assort.- 
ment in respect of these characters. We have concluded that it 
is idle to expect complete eqxiality in such a case, as even in the same 
plant at crop time some of the canes will be over-ripe, others at their 
optimum, and yet others as yet unmatured. And we have pointed 
out that a good deal of work has still to be done before a scientific 
knowledge can be obtained of the correct time at which each variety 
should be cut. so as to obtain the maximum of sugar from it in the 
factory. 

The parts of the cane above ground — leaf, stem and leaf- 
sheath — have been studied as to their growth and tlie curious fact 
has been noted that no two of those parts are found to be growing 
in length at the same time, suggesting that only a certain amount 
of growing energy is availal)le and that this is s’witched on to the 
different organs in successi on. The leaf elongates first, and not until 
it has reached its full length does the leaf-sheath extend itself, and 
this sequence is followed by the stem which only commences to grow 
in length when the leaf-sheath has fully developed. The length 
and thickness of the mature cane have been studied in different 
varieties and the effect of external conditions, especially on the latter, 
has been noted ; lastly, the whole question of tillering has been dealt 
with and the results of previous studies on this subject have been 
summarized. The factors which influence growth in all these direc- 
tions, which play such a considerable part in tlie tonnage of canes at 
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harvest, have been analysed, in the Jiope that by their knowledge 
the way may be cleared for studies in increased output. 

Jt will be obvious to the student of plant life that there arc 
many other directions in whic.h the growth of the cane could be 
discussed, and some of these form interesting matter for report and 
experiment : but it is felt that the present series of articiles will have 
already provided sulfic-ient material for anyone interested in the 
subject to obtain a fairly clear idea of what goes on in the cane plant, 
whether in the soil or the air, and of the way in which the plant is 
built up from its small beginnings, and we have tlierefore decided to 
close the series as such, with the present paper. 

At various points in our reniarks, glimpses have been given of 
large series of measurements which have been made of the canes and 
their parts under the writer’s direction, to obtain an insight into the 
way in which they l)eliave under different conditions. One of the 
outcomes of this study has been the <*onviction that no one of the 
vicissit.udes experienced by a ])lantation during the growing season, 
but leaves its mark permanently engraved on the size and form of 
the cane and its appendages. 'I’liis should not appear strange to us 
when we rememl)er that, by counting the rings of growth in a piece 
of wood, we can form a fairly accurate idea of how long it took to 
make it ajid, to some extent, the (diaracter of the seasons during its 
formation. Similarly, by carefully noting the shape and distance 
apart of the leaf scars in an ordinary shoot a history of its growth 
can be compiled for a series of years, the regular succession of spring, 
sumnuir. autumn and wint er, and we can even hazard suggestions as 
to the severity or mildness of some of these. As an example of cpiite 
another “ interjiretation of observed characters,” a couple of photo- 
graphs are given of palmyra t.opes in the soutli of India (Plate 
XXVll). In one cas(‘ the normal growth of a plantation 60 -70 years 
old is shown, while in the other some catastrophe has evidently 
happe?ied, presumably a wind storm of unusual severity which has 
bent a number of trees at about the same angle, after which they 
have recovered their usual upright direction. ( .'areful local enquiries 
elicited the fact that the stonn took place about 28 years before the 
picture was recorded, because a domestic event of importance 
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occurred in the same year in the narrator’s family. 'This record of 
experiences during the growing season is also to be found in the stem 
of the sugarcane, and a new interest has thus been infused into the 
dry and apparently profitless multiplication of laborious series of 
measurements undertaken for another purpose. A case has, indeed, 
been already given in which by studying abnormalities in the joint 
curves of the cane in a certain year on the Samalkota Sugar Station, 
a ready explanation was found when the details of the weather 
were looked up in the annual reports on the subject. 

WTien at the founding of the (’ane-breeding Station at Coimba- 
tore, a larger number of North Indian canes were brought into the 
Madras Presidency, where the conditions are tropical and better 
suited to thick tropical varieties, it was thought worth while to make 
observations as to whether the change of climate would cause any 
observable alteration in the form and size of tlie organs. And a 
complicated series of exact measurements were instituted and taken 
year l)y year. Seven types were taken for this observation, and 
the.se were distributed to other parts of the Madras Presidency, and 
were sul^sequently studied wherever they were known to be growing 
on sugar stations elsewhere in India. Sets of lueasurenients were 
thus obtained from ten different parts of India, and upon analysis of 
these it was found that not only had each variety a definite growth 
character of its own, but that each locality and .soil had the pt)wer 
of modifying this, so that the growth in eacdi place was the 
resultant of the inherent characteristics of the type, and the external 
environment to which it was subjected. 

From the mass of material thus collected at or near harvest 
tinie, by trained subordinates in allpart.8 of India, curves of length 
were prepared of the joints, leaves and leaf-sheaths, and tables were 
prepared giving averages of the most various other measurements. 
From a study of these data it was found to be not difficult to form 
an idea as to what variety of cane was being measured, and in what 
part of the country it was being grown. It was an easy step from 
this position to attempt to form an estimate as to the suitability of a 
variety to any given place, and also to form a general opinion of the 
suitability of any place for cane growth generally. This work has 
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been briefly described in a paper by the writer, ^ and it is suggested 
that }>y this means a useful method has been devised for the study of 
cane growth in new tracts of country. It often happens that when 
the experimental plots extend over a wide stretch of country the 
task of examining the crops in all of them at harvest time is a severe 
strain upon the superior staff, and the results are likely to suffer 
because of this. It is also difficult for an officer rapidly passing 
through the crountry to keep rigidly to a uniform standard. But by 
relegating the observations to a fixed scheme of measurements by 
trusted subordinates, not only are these difliculties overcome, but 
there is a permanent record which may be referred to at any time, 
and which will be available for any new enquiry not at first contem- 
plated. 

Many points regarding the growth of the cane may he conven- 
iejitly worked out with such a scries of authentic records at hand. 
As an instance, when the idea of periodicity in the cane growth was 
suggested by certain curves of the length of joints, it Avas easy to 
push th<? matter further by inspecting the joint curves already 
worked out, and to add to their number from the table of measpre- 
nients. It was observed that, in the Pansahi group of canes, many 
cases were met w'ith in which zones of longish and shortish joints 
followed one another with some regularity. We have on several 
occasions in these articles referred to the fact that this group of 
canes, by the extreme regularity of their growth, have brought out 
l)oint8 of general application which have been obscured in other 
groups of individual irregularities, and the present is no exception 
to the rule. While it was easy almost in any curve to detect evidence 
of periodicity in the length of joints in members of the Pansahi 
group, it was not at all easy in most other cases, but the subject had 
not been fully gone into when the writer left his work in India. Two 
specially well-marked cases are shown in Plate XXVIII, and the 
diagrams will require a brief explanation. The whole of the canes 
measured at one time and place are supposed to be laid down in 
front of the observer ; each joint is represented in the plate by 
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a square, and the longest canes are placed at the top, and those 
below with successively fewer joints. From our study of early 
and late canes we know that the former are characterized by 
having more joints, and the arrangement in tlie plate thus roughly 
corresponds with the order of development of the canes. 
A careful study is then made of the table of measurements 
of the length of the joints in each cane, and a mark is placed 
over the middle of any region of longei- joints ; these marks 
are represented by circles in the diagram. Lines are then drawn 
between maxima which are supposed to be related to one another 
in adjoining canes, and dotted lines are added where no such 
relation is trac.eable because of absence of maxima, merely to suggest 
the completion of the lines from top to bottom of the series. On 
the right of the diagram a furfher dotted line gives a general c-urve 
of the varying number of joints in tlie twenty canes, and it is 
noticeable that there is a sti ong tendency for the maxima lines f.o be 
parallel with these (see in Fig. 1. canes 3 and 4, 7 and 8, 8 and 9, 10 
i*nd 11, 12 and 13. 14 and 15). and this tendency has been used to 
inflpence the direction of the empirical dotted lines added in the 
diagram. The diagrams speak for themselves, ^’aking the most 
regular cane (No. 7 in Fig. 1) we have well-Jiiarked maxima in the 
2nd, 5th, lOth, 15th, 20th and between the 32nd and 33rd joints, 
the maxima occurring at regular intervals excepting at the 
top and bottom of the cane, when local disturbam-es might be 
expected. 

Whether the periodicity in growth of the cajie thus brought ouf 
in the joint curves in Pansahi is due to an inherent periodic 
stimulus of growth or to some external cause cannot be determined 
without a full knowledge of the conditions of the crop during its full 
growth ; it is natural to suggest that the explanation may be 
found in the regular waterings given, but if so, we are at once in 
difficulties : the \vaterings are far in excess of the maximal periods 
at some parts of the year, and ai'e altogether absent during the time 
of the monsoon rains, and the other groups do not show regular 
]naxiuia with anything like the same clearness. 



A TURNING POINT IN THE WORLD’H SUGAR CONSUMPTION. 


'rHK Continental Corfe,spondent of “ The International Sugar 
Journal ” (XXITT, No. 268) writes : - 

Since the year wiien the sayar prodiiel imi of British India was for 
the first time incorporated itUo the world’s statistics, the world’s 
sugar production {beet and cane combined) Itas been as follows 
expressed in long tons of 2.240 /-/>. 


19()4-05 

12,022,000 

1910-11 

17,001,529 

1910-17 

17,09^,828 

1905-0t> 

U,007,(M)0 

1911-12 

10,001,991 

1917-18 

17,422,589 

iy0(M)7 

J4,799,<K»0 

1912-19 

18,249,295 

1918-30 . 

15,858,205 

1907-4)8 

1 9,801 ,(KMj 

1919-14 

38.4:10,879 


15,222,084 

1908-09 

J4,r)82,10r» 

1914-15 

18,498,498 

1920-21 . 

17,;102,610 

1909-10 

14,891,187 

1915-10 

1 

1 0,908,009 


• 


From these figures it will he seen that in the first decade of the 
present century the sugar production of the world oscillated around 
14,000,000 tons and, since during so long a ])eriod no considerahle 
stocks could have a(;cumulated, the average consumption amounted 
to a corresponding figure. In the year 1910-11 there was a largo 
increase in production, which was only tem])oraiily interrupted by 
the disastrous drought in Central Europe of 1911; and it brought the 
total sugar production up to the astounding figure of 18,498,498 
tons in 1914-16, the year in which the last crop preceding the war 
was sown aiid reaped. 

For numerous reasotis which are still fresh in our minds and need 
not be recapitulated, the European sugar production then decreased 
wholesale, and the deficit was only partially made good by an exten- 
sion of the cane sugar production in some countries, among which 
Cuba was the most conspicuous. The world’s total diminished 
each year’, till it attained its lowest point in 1919-20 with 
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15,222,084 tons. In that year the general feeling was oue of sugar 
scarcity and shortage, and it led to the phenomenally high prices 
recorded in the second quarter of 1920. But when comparing this 
low figure with those of the years composing the first decade of the 
twentieth century, one observes that it is higher than any one of 
them, and yet in those years we never heard of a scarcity of 
sugar. 

This fact tends to suggest that if, now, the production of 1920-21 
should, as seems probable, reveit to the figures of 1910-11 (or only 
leu years ago), that production will be more than sufficient to cover 
the demand under the present day prevalent circumstances. 

In the years immediately preceding the war, the civilized world 
was enjoying an unknown prosperity, (’onsumption of articles, 
whi^'h may, to some extent, be considered as a kind of luxury and 
among which sugar occupies a prominent place, in(;reased consider- 
ably, a fact which may be deduced from the enormous increase iji 
the per capita sugar consumption in many a Kuropean and American 
country. Therefore, in the years before the war, the increased sugar 
])rodq.ction was correspondingly absorbed by consumption, and this 
was so generally the case that in the calculations made by the sugar 
statisticians, the question of the consumption was treated as a secon- 
dary matter. The figures of production in the various countries 
were carefully studied and commented on, but it was taken for 
granted that, as a rule, the sugar produced would find a destination 
without trouble. 

In the war years consumption remained high ; the wants of 
armies and navies necessitated the siipply of huge amounts 
of sugar, both in the shape of sugar for food and beverages 
as in that for confections, while some sugar also was used in the 
manufacture of explosives. After the armistice, a spirit of lavish- 
ness ensued all over the world, wdiich, delivered from the prolonged 
oppression of war, indulged in every form of extravagance. The 
high wages accorded immediately after being claimed allowed wide 
setdions of the poi)ulation to spend money on extras, and it was 
remarkable to witness the extent to which grown-up people fed on 
chocolates, sweets, “ acid drops,” and the like. The price of the 
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article was not regarded as a hindrance to its being purchased up to 
the amount allowed by the Clovernment rationing, which in many 
countries was far above the average per capita consumption of the 
years immediately before the war. 

Further, people who during the years of war had witnessed 
periods of sugar scarcity, during which it was not possible to obtain 
the quantities which they might desire to purchase, now profited by 
temporary abundance to lay in stocks which at once disappeared 
from view. It looked as though there could not be produced enough 
to supply the ever-growing desire for sugar, and notwithstanding 
the fact that immense quantities of sugar, which owing to the 
blockades and general scarcity of merchant shipping had been held 
up in foreign countries, now became available, the visible stocks of 
sugar remained short, ft is then no maf/ter for wonder that statisti- 
cians neglected the study of consumption and only fixed their 
attention on the production, the increase of which was the aim and 
end of everybody concerned. 

But during the last half of 1920 the free purchase of sugar by 
the general public came to an abruj)t stop. Sugar was no longer 
snapped up in the market as soon as it made its appearance ; it was 
even offered in vain ; prices showed an inclination to drop, and that 
precipitated the trouble. ’Fhe public who. in many cases, possessed 
appreciable quantities of sugar hidden in their store cupboards, 
stopped buying and lived on their supplies. The grocers stopped 
their luders and the wholesale dealers, who had already contracted 
iaige purchases, became overstocked, in consequence. Thus all at 
once, instead of a sugar scarcity, there ensued an abundance of 
sugar (coming from every part of the world) with very restricted 
purchases and consequently a lieavy drop in the price. 

By now the invisible supplies will have been consumed, and the 
public will again have to buy if it wants sugar ; but, in the meantime, 
the general aspect of matters has greatly changed. Instead of high 
wages and good earnings, unemployment has become the chief 
factor that rules the budget of the average household. As we have 
pointed out above, sugar is one of the articles the consumption of 
which is greatly dependent on the earnings of a large proportion of 
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the population. So long hh the wages were high, sugar was bought 
and used in great quantities, but as soon as more economy had 
to be practised, it was the first article to be sacrificed. 

During January 1921, the revenue from the sugar tax in France 
yielded 23,115,000 francs less than that of the corresponding niontli 
in 1920, or 25,000,000 francs below estimates. 'J’his follows suit 
with the decrease reported from the same country in the months 
of September- December, in which the l evenuefrom that source was 
199,315,000 francs in 1919-20 and only 101,213,000 francs in 
1920-21. In the last-named period we could still count on invisible 
stocks being consumed, but as late as January these would 
have disappeared, so the figure given for .January tends to represent 
the real cousumption. 

' The revenue from sugaj- in Holland was for January-February 
1921 only 7,274,970 guilders, against 9,680,127 in the corresponding 
months of 1920. Since a year ago there was no reason at all to 
suppose an abnormally large consumption, fhe figure given for 
January and February 1921 points to a decrease in consumption in 
Holland, too. Again, during the ten months April-January 
1920-21, Germany received from the sugar duties 101,963,250 
marks, againsf. 140,241,861 marks in the corresponding months 
of 1919-20. The total yield for 12 mouths was estimated at 
160,000,000 marks, so that the remaining two. months will have 
to supply 58,000,000 marks to reach the estimated figure, which 
is, of course, quite out of the question. 

The same or analogous reports reach us frojii every part of 
Europe and show that a general decrease m sugar consiimption 
is the rule everywhere. Finally, we must not forget that Jilussia, 
which in former and better years used to consume, aided by her 
adjacent neighbours, a total production of close o!i 2,000,000 tons 
per annum, does not consume now more than the low quantity of 
its own crippled production, estimated at some 1 00,000 tons. 

We must, therefore, bear in mind that whereas fihe sugar produc- 
tion of 1920-21 will attain to about as high a figure as that of 1910-11, 
one great country, which in the last-mentioned year consumed 
about 2,000,000 tons, has fallen out almost completely, while the 
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coDsiimption of many others is greatly handicapped. The conclu- 
sion to be drawn from all these data is that the day has surely 
passed for the time being when any amount of sugar produced is 
sure to find an outlet ; and the question of the probable world’s 
consumption will once more have to be taken into earnest consi- 
deration. 



rk.sraiu;ti in animal breeding * 


BY 

K. C. PUNNETT, F.R.S., 

Professor oj Oenelics, Unirersiii/ oj Camhridqe. 

I 

When Mendel's discovery in heredity, made over 50 years ago, 
wasuneartlicd in 1900, it wa.sat once clear to a few scientific men that 
a new era in the breeding of animals and plants had commenced. 
What the breeder requires is ‘‘ cert.ainty ” in so far as it is possible to 
attain it. Wlien a given mating is made he wishes to know what 
is likely to result, and further, as he is generally of an intelligent 
and inquiring mind, why the result, is obtained. 

Through Mend.'’rs work and its recent development the breeder 
is at last being placed in a sound position to answer these questions. 
Plant breeders have not been slow to take advantage of the new 
knowledge. Realizing early the immensely greater powers of control 
over the li\ing thing conferred upon them by Mendel, they set to 
work to build up new strains of cereals and other valuable plants. 
Tt is unnecessary to detail here the remarkable success which has 
already attended their efforts, nor to forecast the enormous economic 
gain that must come to the world v.'hen the methods are applied to 
the produce of vast tropical areas. The rapidity with which plant 
breeding stations are springing up in both hemispheres is evidence of 
the service which Mendel rendered to mankind. 

While, however, the plant breeder is now fairly embarked upon 
his career of conquest, the breeder of animals tends to lag behind. 
Nor is this difficult to understand. The majority of plants are self- 
fertilized. It is an easy matter to obtain the pure strains essential 
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for purposes of Mendelian analysis, to keep them pure, and to purify 
any desirable new strain that may be built up. Animals with their 
bi-sexual mode of reproduction are far more <;omplicated things to 
deal with, and, as we shall see later, the separation of the sexes may in 
itself introduce complications peculiar to this mode of reproduction. 
Then again, plants are (heap owing to their great powers of multi- 
plication. Thousands of wlieat plants may be grown for the cost of a 
pig. This rapid multiplication of plants renders more easy the 
process of Mendelian analysis, and, in consequence, man’s power of 
control over them is enhanced. 

ft was proved years ago that Mendel’s principles of heredity 
apply equally to animals and plants, and the importance of the 
subject led the Board of Agriculture some years ago to set aside a 
small grant from the Development Fund for research in animal 
breeding. The sum allotted, h^ss than £200 per annum, only 
allowed of work being undertaken with small animals such as poultry 
and rabbits, but this in itself was no disadvantage, feu- the objcect of 
the work was not to improve the breeds of rabbits and poultry, 
but to acquire knowledge of the laws which underlie inheritaiu^e in 
animals generally. In this series of brief articles an attempt will 
be made to indicate the drift of these experiments, and their possible 
bearing upon economic problems. Before doing so, however, some 
account must be given of the nature of Mendel’s discovery itself : 
Diis is the (corner stone of our present knowledge, and unless it is 
clearly understood later developments must prove unintelligible. 

The essence of Mendel’s discovery may best be made clear by a 
simple example, from cattle. The breeder knows, perhaps only too 
well, that red calves are apt to appear occasionally even in the most 
highly pedigreed breeds of Aberdeen, Angus or Holstein. They arc 
rarely welcomed, and in most cases the breeder would go to a great 
deal of trouble to ensure that they never appeared in his herd. He 
tries to get rid of the taint by vealing the red calves, but still thej' 
come from time to time. He may try to explain their appearance 
as a throw-back to some remote ancestor, and though this may ease 
his conscience it does not help to purify the herd. Mendelism 
enables the breeder to understand why these red calves appear, and 
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provides the knowledge which can be used to prevent their ever 
appearing again. 

Let us suppose a Mendelian analysis of this case to be made in 
the usual way. The first step is to cross tlie red with the black, and 
it will be found that the pure black bull crossed with red cows will 
produce black calves only (Fig. 1). For this reason, black is said to 
be dominant to red, which is recessive. The next step is to mate 
together these first crosses, or F,* animals as they are termed. Tt 
will be found that their progeny, the Fg generation, consists of both 
blacks and reds, but not mixtures of the two colours, and if a sufficient 
number have been reared, it will be found that tlui blacks are about 
three times as numerous as the reds. To cover such facts Mendel 
devised simple explanation in terms of germ cells, lied and black 
are alternative in heredity because they are alternative in the 
germ cells. A germ cell contains either that which causes 
the development of black pigment or something which causes 
the development of red pigment; Imt it is in the order of 
nature that it cannot contain both. It is not known at 
present what these contents are, but as their existence is recogniaed 
a name must be given to them, and they are usually spoken of as 
factors. A germ cell, in our cattle then, contains either the factor for 
black or the factor for red. When an animal breeds true to a given 
character it means that all its germ cells carry the factor for 
])roduciug that character. All the germ cells of a true breeding 
black contain the factor for black, and all the germ cells of a true 
breeding rod contain the factor for red. 

Let us refer again to the diagram (Fig. 1). If a red cow is 
crossed with a black bull, a “ red ” germ cell from the cow is being 
united with a “ black ” germ cell from the bull. Tim resultant 
animals will be black because black is completely dominant over red, 
but although it is black it is not a true breeding black. When such 
an animal reaches maturity it produces germ cells corresponding to 

* For the sake of cloameflH in experimental work the cross is taken ns the point of departure. 
The firHt orofla animals belong to the first filial Fi generation. When F, animals are mated 
t-ogether they prodnoe the second filial or generation. Fa animala mated together give a 
third filial or F, generation, and ho on. Similarly in the other direction 'the parents arc 
labelled as the P, generation, the grandparents os the P* generation, ^and so on. 
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the germ cells by which it was produced itself. In their formation 
the red and the black factors separate cleanly from one another, 
and in consequence half of its germ cells contain the black factor 
and the other half contain the red factor. The F, animals, therefore, 
whether bulls or cows, produce “ red ” and “ black ” germ cells in 
equal numbers, but owing to the complete dominance of black, they 
are indistinguishable from true-breeding blacks in appearance. 
Their genetical constitution, as indicated by the output of germ 
cells, is very different. The nature of the germ cells produced is 
diagrammatically represented in Fig. 1 by the contents of the 
white circles on each animal. When two F, animals are mated, two 
similar series of germ cells, each consisting of equal numbers of the 
‘‘ red ” and “ black,” are brought together. 

. Normally only a single ovum of the series produced by any 
individual cow will be fertilized, but the probabilities are equal of 
this being a “ red ” or a “ black ” ovum. If it is a ‘‘ black ” ovum 
it is equally likely to be fertilized by a “ black ” or a “ red ” sperm. 
In the former case it will give a true-breeding black : in the latter it 
will give a black of similar nature to the F, animals. If it is a ” red ” 
ovum it is also equally likely to be fertilized by a ” black ” or “ red ” 
sperm. In the former case it will give a black of similar nature to 
the Fi animal ; in the latter case it will produce a red. In consider- 
ing the calf thrown by an F, cow mated to an Fj bull, the possibility 
of its being red is 1 in 4, of its being a true-breeding black 1 in 4 
and of its being an impure black (t.e., a black that produces both 
“ black ” and “ red ” germ cells) is 2 in 4. If a large Fj generation 
from a number of F, cows mated to Fi bulls were raised, we should 
expect the F, generation to consist of blacks and reds in the propor- 
tion 3:1; further, of the blacks, only 1 out of 3 would breed true 
to black in the sense of producing only black germ cells. The others 
would act like the Fj parents and throw about 26 per cent, of reds 
if mated together. 

The truth of Mendel’s interpretation can be further tested by 
mating what are called “ back-crosses,” i.e., by mating the Fi 
animals back to the parents. Suppose, as is shown on the left of 
Fig. 1 , that the F, cow is mated to the pure black bull. As the cow’s 
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germ cells are of two kinds, “ red ” and “ black,” and those of the bull 
are all black, we can obtain only two sorts of animals', viz., those 
formed by the union of a “ black ” ovum with a “ black ” sperm, 
and those formed by the union of a “ red ” <->vumwith a “ black ” 
sperm. The progeny will be all black in appearance, but while half 
of them are true-breeding blacks the other half will be capable of 
throwing reds when suitably mated. Again, if the Fj animal is 
mated with the recessive red as shown on the right side of Fig. 1, the 
germ cells of the F, being “ black ” and “ red ” in equal numbers* 
and the germ cells of the recessive being “ red,” red and black 
among the calves would be obtained in equal proportion. Moreover* 
all the blacks so prodiuied would be of the same constitution, i.e. > 
they would have the same output of germ cells as the F, parent. 
No true-breeding black would come from such mating. 

For the information of the breeder, the substance of the matter 
is that when a definite pair of alternative characters is being dealt 
with, of which one is dominant and the other recessive, only three 
classes of animals are possible : (1) the animal produced by the two 
like germ cells, both carrying the factor for the dominant character ; 
(2) the animal produced by two like germ cells, both carrying the 
factor for the recessive character ; and (3) the animal produced by 
two unlike germ cells, one of which carries the factor for the dominantt 
and the other for the recessive character. (1) is the tnie-breeding 
dominant, (2) the true-breeding recessive, and (3) the impure 
dominant, w’^hich, though like the pure dominant in appearance, 
differs constitutionally from it in producing both ” dominant ” and 
“ recessive ” germ cells in equal numbers. The true test of the 
pure bred animal is that it breeds true, and this we cannot tell 
from its appearanc-e, but only from the nature of the germ cells 
that it produces. Mendel’s advice to the breeder is : “ Think in 
terms of germ cells.” 

If the breeder wishes to prevent the appearance of reds in his 
herd he must eliminate the red germ cells, as these may be carried by 
blacks as well as by reds. The impure dominant blacks must be 
weeded out in order to be sure that red calves will not appear. 
'J'hrough Mendelism there is now a definite test that can be applied 
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to determine whether the black is pure or not, and that test is to 
mate with the recessive ; so mated, the true-breeding black will 
produce only blacks, while the impure dominant will produce an 
equal number of blacks and reds. This, of course, is a policy of 
perfection, and unlikely to be put into practice. Cows in a pedigree 
herd are too valuable to devote an appreciable proportion of their 
progeny to testing operations. But since red calves arc never born 
of blacks, unless both parents are impure dominants, it is clear that 
the use of a bull which had been tested by mating to rod cows, and 
shown to producer only black progeny, would be sufficient to prevent 
the appearance of red calves in a herd, whatever the proportion of 
impure dominants among tlie coavs. In practice, therefore, the 
breeder would be well advised to )nake sure of the bulls by testing 
them, even though he did not trouble about the cows. But although 
nothing but blacks will be produced, the red germ cells will still be 
scattered about in some of the cows. He cannot be sure, without 
testing, that an animal sold out of the herd will be a pure black. 
Nevertheless, if he makes use only of tested bulls the proportion of 
im‘pure dominants among the cows will gradually decrease, and tlie 
possibilities of any beast sold being a true black will increase corre- 
spondingly. If, however, he uses a new bull without testing it, and 
it happens to be an impure dominant, a considerable increase must be 
expected in the number of red calves in later generations, for such a 
bull introduces as many “ red ” germ cells as “ black ” and must 
necessarily increase the proportion of impure dominants in the 
herd. 

The breeder may reason that, provided the animal brought 
into the herd had a good j)edigree, why should further trouble be 
taken % If its ancestry shows an unbroken line of blacks for, say, 
the last 10 generations, is it not j)ractically certain that none but 
black calves will be thrown % 'Phe answer is that pedigree is certainly 
smve guide to breeding capacity. An animal with a line of black 
ancestry is more likely to be a true-breeding black than one that has 
u strain of red in its pedigree, but it is not a sure guide. The “ red ” 
germ plasm may be carried on by blacks for many generations, 
without coming into the open in the form of a red calf. This is 
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illustrated by the imaginary pedigree shown in Fig. 2. The impure 
dominant cow in Gen. I carried “ red ” germ cells, and ihe “ rod ” 
getm plasm passes down to her daughter, grandson and great 
granddaughters. 



Fl '. 2. lUastratinft an imaginary pediRlso of black cattle. Bulln ropi’enentoi by squares : 
Cows bv oil d<*s. .True brooding blank represented by full black: impure 
doraiiiants — carrying red, represented half black and half white. 


No red calf appears because all of these animals, except the last, 
have been mated with pure dominants. But at Gen. IV, a new 
bull is introduced which turns out to be an impure dominant, 
though it may have had only black in its pedigree for generations. 
If one of the great-granddaughters of the original cow is mated to 
this bull, it will produce a red calf in Gen. V. Had the breeder 
tested the bubs used in Gen. ITT and Gen. IV by mating them with 
red cows a proportion of red calves would have been thrown. Had 
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he then substituted for these animals bulls which tlixew only black 
calves to red cows he would have broken the sequence of the “ red ” 
germ plasm and established a true-breeding strain of blacks. 
Pedigree is a rough guide in estimating the possibilities as to whether 
the black belongs to the class of true-breeding blacks, or to that of 
the impure dominant blacks, but certaivUy as to the nature of the 
animal can only be arrived at by the direct test of mating to the 
recessive red. By using only tested bulls the breeder can be sure 
that none but blacks will appear in his herd. The true test of the 
purity of a given animal for a given character is not in its pedigree, 
but the nature of the germ cells that it produces. We now have a 
reasonable explanation as to why the “ pure bred ” beast may be 
nevertheless in reality an impure dominant, 

, The relation between the animal and the germ colls that it 
produces is the essence of Mendel’s discovery, and must in future 
form the basis of the breeder’s operations where purity of breed and 
character is desired. Wliere the character depends upon a single 
pair of factors, as in the black-red cattle case, the procedure for 
ensjiring purity is simple ; and there are a number of such simple 
cases in connection with farm live-stock. Many of these concern 
coat colours because they are evident and easily worked out. The 
polled and horned characters in cattle form such an alternative pair, 
the latter condition being recessive. Horned animals appear in 
polled breeds in precisely the same way that reds appear in black 
breeds, and the procedure for ensuring a herd true to the polled 
condition is the same as that for obtaining a herd of blacks which 
throws no reds. Further, Suffolk sheep are liable to throw inferior 
lambs with brownish markings in place of black. Records suggest 
that this character behaves as a simple recessive, and could be 
eliminated by the usual procedure. 

The characters that breeders are concerned with are rarely so 
simple and distinct as the black-red case in cattle, for the 
possibilities rarely form a simple alternative pair as already 
described. Usually they are far more complicated, and all kinds of 
gradations are possible. Hence arises the question, whether 
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such complicated cases can be resolved in terms of a few 
definite factors showing a similar scheme of transmission. Will the 
general principle of heredity outlined above serve to cover the 
more complicated cases ? Is Mendelism heredity, or is there any 
other kind of inheritance ? These questions will be dealt with 
in the next article. 



CONTOUK DRAINS OR CANALS ON HILLSIDES * 


BY 

F. D. DAVIES. 

During the past five years mucli attention has been given 
here to this subject under the more popular name of “ Contour 
Drainage.” Unfortunately, the term “draining ’’is considered by 
mhny to mean only the letting off of superfluous water. The value of 
letting air and warmth into the soil as well as conserving moisture 
for the benefit of plant and animal life, which requires regular 
and fresh supplies of these, is .seldom considered. 

The belief that draining is only necessary for letting off water is 
erroneous, and leads to very great loss, by causing the same system 
of draining adaptable to flat land to be used on hillsides. >So much 
importance is attached to the letting off of water, that drains on 
hillsides are generally considered unnecessary by some, and by others 
necessary only in so far as the letting off of water is concerned, 
resulting in the system of digging main drains down the hillsides and 
steep side drains leading into them. In some cases an excessive 
amount of shade on a hillside may render the soil cold, when the 
reason is attributed to too much water, although this apparent 
excess of water may be due to the absence of sunlight or the absence 
of proper soil conditions ; which latter condition arrests the percola- 
tion of the water within a couple of inches below the surface of the 
soil. 

On lowlying lands where water actually collects, or is liable to 
collect in pools or to such an extent as to block the air passages 
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through the soil, draining is necessary to get rid of the water and to 
allow air and warmth to enter ; and to do this effectively the drains 
must have as much flow as possible. Tn some cases, according to 
the level of the land in comparison witli that of the sea, this operation 
may necessitate sluice gates, pumps, etc. 

The soil is composed of small particles of irregular shape and 
size — clays having over a million and sands several thousands per 
cubic inch — these are so arranged as to leave small sj)aces or tubes 
between them. When these tubes are filled with water, air is 
excluded, and such conditions if prolonged cause acidity injurious 
to plant life and beneficial bacteria in the soil. As soon as the water 
drains off, air and sunlight are let in. These counteract acidity, 
convert inactive plant-food into active plant-food and supply 
oxygen, nitrogen and carbonic, acid gases ff»r the use of jdanf. 
and animal life ; and in order to get the best results from 
the soil the continuous interchange of these elements is 
indispensable. 

Water is heavier than air and according to the law of gravity 
miist find its level provided that it is not obstructed by some imper- 
meable substance ; therefore, j)rovided the soil is loose enough, the 
water passes through and percolates downward until it reaches its 
level, after the soil has absorbed as much as it can retain, along with a 
moderate supply of air. As soon as this absorbed water is used up, 
fresh supplies are attracted from the surface of the surplus water 
by capillary action ; the quantity so attracted depending on 
the size of the capillary tubes or .spaces referred to above and the 
distance the water has to travel ; consequently, clays, having 
smaller spaces, benefit more by capillary attraction than sands ; and 
lowlying lands more than liigh elevations. It stands to reason, 
therefore, that we cannot depend on capillary attraction on steep 
hillsides to the same extent as on flat land, since water would rise 
only to the nearest point of least resistance, i.e., f he valleys ; and as 
rainfall is the only other source of water on hillsides, instead of 
using a system of draining to let water out we must try to retain it in 
the soil. Eor this reason I have not used the term “ Contour 
Draining ” as a title to this article, in the hope that the familiar 
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meaning “ draining ” generally conveys — that of letting out water — 
will be forgotten whilst dealing with hillsides. 

Here, our land is a series of hills with slopes inclining in all 
directions, separated from each other by gullies and indentations of 
various depths and widths, caused by storm water Rowing in the 
same course annually. The commencement of these gullies is in 
many cases gentle, but the gullies increase in size as the area of land 
from which the water flows into them is increased, in some cases 
forming precipices, pools, etc. The soil on these slopes is generally 
fertile when first worked up, but rapidly becomes impoverished in 
proportion to the steepness of the hillsides, on account of the 
enormous loss caused by erosion. The hills are not very high, and 
generally a hillside is owned by one or two peasants or entirely by a 
large estate, which is a valuable consideration when digging 
contour drains, as in cases where the head or commencement of a 
gully can be controlled the whole may be filled up, thereby saving 
the most valuable parts of a field. 

Contour drains, as their names imply, are dug according to the 
lay or contour of the laud, horizontally across the slopes of ridges 
and indentations. They may be divided into three kinds, viz., (1) 
level drains without an open end, in which all the water collected 
remains and filters through the soil, (2) level drains with one or both 
ends open which allow the water to flow off as it rises in the bottom, 
and (3) slightly graded drains with a flow of not more than one foot 
in one hundred and twenty feet which do not allow the water to rise 
or remain in them. The level drain, unless passing through very 
porous, shallow soil or touching a natural water course or irreclaim- 
able gully, need not have the ends opened ; consequently they are 
sometimes termed “ blind ” drains. These blind drains have a 
decided advantage over the others on very dry hillsides with slopes 
of from ten to twenty-five feet in one hundred feet, inasmuch as all 
the water is retained. The level open-end drain suits very porous 
soil which does not allow the water to flow off the surface too rapidly, 
and particularly hillsides with slopes of from five to ten feet in one 
hundred, feet. The graded drain must have the end towards which 
it flows open into a natural water course or drain made for the 
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purpose ; this kind of drain particularly suits hillsides with slopes 
not exceeding five feet in one hundred feet and shallow soils which 
rest on some impermeable stratum ; if, however, this stratum can 
be dug into so as to have the bottom of the drain formed therein, the 
level open-end drain would be much better. 

The size of the draiiis and the distances at which they are placed 
apart depend on the ability of the soil to absorb water, and the 
usual rainfall of the district. Ordinary drains 18 inches wide 
and 18 inches deep, placed at distances of 36 feet apart (about three 
rows of cacao), arc generally dug. 'Phis size is calculated to hold 
a continuous shower measuring two inches of rain. Stiff clays 
should be drained every 24 feet oj" even closer where practicable as 
they are more retentive. The object is to prevent overflow to 
any great extent and also the water from remaining for a longer 
period than four or five days in the drain. Where overflow appears 
likely to occur, the remedy is to increase the size of drains by 
making tliem two feet w'ide and two feet deep or to reduce the 
distance apart, but under no condition should a drain be cut up 
and down the hillside through the contour drains. Lighter aoils 
are best dealt with by digging the first drains 36 feet apart, 
during the next year these are cleaned after the heavy rains and a 
new di’ain dug 12 feet below' the first ; in the third year another is 
dug 12 feet below the second drain and the first and second drains 
cleaned out ; the stuff and soil removed being spread on the land, 
covering all exposed roots. If the land can be forked also, drains 
may be put in at 24 feet apart and cleared twice per year, but where 
forking is not possible, the above system of digging a new drain every 
year is better. In this way the field will be drained every 12 feet 
apart, and the drains should be regularly cleared once or twice a year 
and the soil spread on the surface of the land each time. In the 
fourth or fifth year the first year’s drains should be filled up with 
manure, leaves, prunings, etc., and a new one opened about one 
or two feet above the one filled up, and the process repeated every 
one or two years as practicable. This also ensures an effective and 
safe system ©f root pruning, care being taken not to cut a drain 
closer than three feet to the trunk of a tree. Whenever possible, 
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canavalia or other leguminous plants should be sown on the filled 
up drains. If this system is followed the exj)eivses of forking can 
be reduced to a minimum. 

Contour drains can safely be dug on hillsides with a slope of 26 
feet in 100 feet. The steeper the hillsides the more rapidly water 
passes off, and consequently the more necessary are the drains. 
In places where landslides are likely to occur, a safe preventive 
measure is to pass a drain about five feet above the place where the 
landslide is c.Kpected, giving this portion of tlie drain a gentle incline 
until the threatened area is passed : and similarly care should be 
taken to pass one above every preci])i(;c should these be present, 
to prevent further wash. 

Having decided the size of drains required and the distances 
apart at which they are to be placed, start from the highest part of 
the field. If a large area of laud is above which is not. required to be 
drained, the first drain must be much larger than the others, and 
must open at one end into a natural ravine if available, in order to 
take off excessive storm water : the drains should then be traced 
and picketed. A road tracer will be found very useful on large 
areas, but small fields can be done with the eye. With the fork, 
break the upper side of the drain in a sloping manner so as to avoid 
caving in, until the place for the drain is levelled, care being taken to 
prevent the soil broken away with the fork from going down the 
hillside. The drain may then be dug the desired width and depth ; 
the earth removed should be spread as a covering or mulch over the 
field. It is unsafe to bank up the soil on the lower edge of the 
drain, as unless the drain is well formed into the soil, the water 
would escape through the banked up earth and probably result in 
the bursting of every drain below. In case of a tree, stone, or any 
other obstacle lying in the course of a drain the drain can be abruptly 
stopped and commenced on the other side. Owing to the system 
of lining up and down the hillsides, the obstruction is unavoidable, 
but it would appear advisable, in view of the growing importance of 
these drains, to line new plantations according to the contour of 
the land. A drain, provided it is a level one properly traced, can be 
continued for any length, in and out of indentations. In this way 
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the water is prevented from flowing downward into the gullies, 
which could gradually be filled up. When drains arc graded they 
should not be longer than 1,800 feet, unless the flow is gentler than 1 
foot in every 200 feet, inasmuch as the rapidity of the flow increases 
nearest the outlets in proportion to the length. 

Where the land is a series of ridges one higher than the other, 
the highest point should be started first ; Ihe first drain may be 
short, not touching the indentation between the first two ridges, the 
second may be longer touching the head of the indentation, while the 
third may pass through the indentation on to the second ridge ; and 
so every conaecmtive drain may be lengthened as the width of the 
field increases. It is possible in draining large areas that different 
classes of soil may be met up, such as a light sandy soil with clay on 
both sides. Tt would be advisable in such cases to stop the drain 
within five feet of the sandy soil on each side, as the sand being 
porous would allow the water to flow through it more rapidly than 
the clay . This does not mean that sandy soils should not be drained 
for in many cases they may be liound up with roots to sueli an extent 
as to exclude the free passage of air and water. It may be Seen 
from the foregoing that water collects in the drain and stays there 
according to the stiffness of the soil, but in no case have J known it to 
remain there longer than four or five days, and it could only do so if 
the drain is in impermeable dead rock, when, as mentioned before, it 
would be more advisable to open one end. The drains being parallel 
to each other render the distance at all points more or less equal, and 
the air passages of the soil being opened by each drain the water 
percolates from one to the other. 

Everyone is familiar with hillsides that get baked in the dry 
season and slippery when the rains fall. In many cases this slipperi- 
ness is considered to be due to excessive moisture, but by digging a 
hole into such soils it can be conclusively ju'oved that this water is 
merely held by the first three or four inches. The soil being hard 
and steep the water rushes away before it can be absorbed, especially 
in the dry seiison when an occasional shower falls and when hillsides 
are more in Heed of water. When contour drains are dug all the 
water is retained and the greater part is absorbed by the soil ; this 
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causes the plant roots to penetrate deeper down into the soil, thus 
saving the loss of thousands of dollars from the effects of drought. 
Incidentally, all the nitrogen washed from the air by rain is retained, 
and the heaviest source of loss to the soil, that of surface erosion, is 
checked. 

Next to the importance of conserving water is the conservation 
of plant-food on hillsides, and to do this we must adopt some means 
by which surface erosion may be checked. Plants cannot take up 
soil, but only certain substances contained therein that are soluble 
in water. The surface layers are richer in these on account of their 
exposure to the atmosphere, and these surface layers form that part 
of the soil most readily washed away in rain water passing over the 
surface of the land and flowing into ravines and gullies. This water, 
generally muddy with suspended soil particles, evidently takes with 
it large quantities of the soluble substances required by plants, and, 
if arrested at its source, the hillsides, by contour drains, becomes 
filtered, with the result that any portion reaching the ravines is no 
longer muddy or even discoloured. This shows that the suspended 
paf tides are retained, and as most of the water is in this way 
absorbed by the soil, but little plant-food is lost. Several experi- 
ments with artificial fertilizers on hillsides have failed to give 
beneficial results, although other conditions favoured their use, 
and in this surface erosion, as well as in the inability of the soil 
to receive and retain sufiicient quantities of water, lies one of the 
chief reasons. Water without food and air, nor food without water 
and air, cannot give the best results. 

The method of terracing, as practised in the Southern States of 
America, where, however, machinery is used on hillsides with slopes 
ranging from 3 feet in 100 feet to 15 feet in 100 feet, is described by 
Mr. C. E. Ramser, U. S. Department of Agriculture, in an article 
entitled “ Terraces How and Where to Build Them ” reproduced in 
“ The Tropical Agriculturist ” for February 1920. The writer points 
out that considerable wash or erosion takes place on hillsides with so 
gentle a slope as 6 inches in 100 feet, and describes the different 
forms of terraces practised, including level terraces ^ which retain 
the water until it is evaporated, sinks into the soil or finds its way 
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slowly to the outlet at the end of the terrace ”, and also the graded 
terraces, the need for each depending on the ability of the soil to 
absorb the rain water. The flow of the graded terraces should not be 
more than 6 inches in 100 feet, and the lengths, according to a table 
given, should not exceed 1,100 feet on a slope of 15 feet in 100 feet, 
1,200 feet on a slope of 10 feet in 100 feet, and 1,500 feet on a slope 
of 5 feet in 100 feet. Although these terraces are really the portiion 
of the soil cultivated and cannot be considered in anyway similar 
to our drains in cacao or coconut cultivations, the article is of 
particular interest, as showing that the principle of letting off the 
water as slowly as possible is the same as advised in tliis paper, a 
feature considered very necessary by the writer of the above one 
referred to. 

Roads, in order to serve their purposes as such, must be graded 
and cannot retain the water without being damaged and are also 
expensive when compared with drains. Water pockets are holes 
one, two or more feet deep, witli small trenches leading into them, 
from various directions. These two systems have been tried here 
and discussed by this society. My objections then lield that the 
road system and graded drains let off the water too quickly before 
being filtered and also do not ensure complete aeration, and that 
the water pocket systems, whilst retaining the water and silt, do not 
di^ribute the water evenly, do not give sufficient aeration, and are 
unsafe to labourers when covered with weeds, are still maintained. 
Roads are indispensable on large estates for transportation purposes 
and must be kept in proper order ; the cost of their upkeep can be 
considerably reduced by contour drains on the same field. Water 
pockets have given good results as may be seen from the following 
note from the report of Mr. H. Meaden on the Government House 
Grounds, taken from the Annual Report of the Department of 
Agriculture of Trinidad and Tobago, for the year 1918, page 27 : — 

“ The citrus plots were clean weeded and ‘ water pockets ’ were 
opened up ; the trees continue to respond, and the method of water 
pocketing can now be safely recommended to all planters in the dry 
hilly districts as a means of conserving moisture for their plants 
during the dry months of the year,” 



558 


AORICULTURAli JOURNAL OF INDIA 


[XVI. V. 


Contour drains give complete aeration, distribute water evenly 
and thereby tend to prevent landslips ; they furnish soil for mulching, 
protect roads, efEectively check erosion, form ready receivers for 
leaves, etc., and cacao pods when picked, thereby preventing waste 
by bursting when rolling down hillsides and extra cost of gathering ; 
they may be used for irrigation purposes when near a natural water 
course by damming the water and allowing it to flow into an open 
end of each drain and with care can be used for distributing storm 
water from roads or waste land, which may concentrate its flow on 
one particular spot, over large areas of thirsty hillsides. 

The valuable results obtained from contour drains on hillsides 
unfortunately cannot form a table of figures as of experimental data. 
What has been said of them, coupled with the fact that they are 
being rapidly extended here, should induce others to give them a 
little more attention and a thorough trial, which 1 am sure could only 
lead to their more extensive use. 





■OUGH, PLOUGHS RAISED READY 


TIMB8AVBR TRACTOR AND ONE-WAY PLOUGH. 

The One-Way Plough possesses well-known advantages for India, 
more especially for irrigated land. The following description 
of the “ Timesaver,” taken from The Commercial Motor,” 
of March 16, 1920, will probably thus be of interest. 

The one-way plough is a device of considerable promise, but 
until lately little was done with this interesting type of agricultural 
implement. Why this should be so is somewhat difficult to compre- 
hend, as this machine presents certain advantages over the ordinary 
type of tractor, if scientifically designed to cope with the same classes 
of work as can be performed by the latter. It also overcomes certain 
of the drawbacks which the agriculturist with a knowledge of 
power ploughing is always ready to criticise in this type. 

The advantages which are put forward by the exponents of Jihe 
one-way plough are : (1 ) the time lost by turning is greatly reduced ; 
(2) the headlands can be reduced to the narrow width of about 
four yards ; (3) the headlands are not consolidated by the tractor 
wheels passing constantly over the same ground, thus, incidentally, 
reducing wear and tear on the machine and saving fuel by reducing 
the idle ruiming ; (4) all the furrows are turned in the same direction, 
thus eliminating open furrows and high ridges, which sometimes 
cause damage to harvesting machinery and add to the difficulty of 
hauling heavy loads of corn during the harvest ; (5) the fields 
can be ploughed throughout without requiring the use of horse- 
drawn ploughs to strike out and finish the work ; (6) when ploughing 
hilly fields it can work to and fro across a gradient. 

The one-way plough has been adversely criticised because in 
one or two experimental models certain difficulties in steering have 
been experienced ; also these models could not be converted into 
tractors, and thus could not compete successfully with the ordinary 
type of tractor. 
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The engine is a four-cyliudered 30 Ii.p., 4| in. bore and 6| in. 
stroke. Ignition is by high-tension magneto, fitted with an impulse 
starter. Cooling is by a large gilled radiator of the cast-header and 
bottom-tank type, assisted by a belt-driven fan. The cooling-water 
circulation is by centrifugal pump. 

The drive from the engine is taken through a dry plate clutch 
to a gearbox providing two speeds forward and two reverse. The 
final drive pinion shaft carries two main bevel wheels, either of which 
can be engaged with a bevel pinion on the gearbox shaft, the drive 
being forwards or backwards, according to which bevel is engaged. 
The final drive is by external spur pinions which mesh with large 
gearwheels bolted to the driving wheels ; in future models all the 
gears will be totally enclosed and protected from the entry of dirt 
and water. 

The frame is strongly constructed of rolled channel section steel, 
suitably braced. 

Steering is of the worm and wheel type, the same steering wheel 
being used for travelling in either direction, and to enable this to be 
done the driver’s seat swivels round the steering column. The 
pedals and control levers are so situated that they can be operated 
when the seat is in either direction ; thus duplication of these parts, 
with its consequent expense and complication, is avoided. 

The machine is provided with a three-furrow balanced 
plough. It incorporates an automatic anti-balance gear by which 
the forward movement of the tractor pulls the plough into the ground 
and automatically lifts clear of the ground the idle plough at the 
opposite end of the frame. 

The machine has two large driving wheels at the centre, 
and a small steering wheel at each end. Wlien it is required to 
transform the one-way plough into a tractor, the rear steering 
wheel, with a portion of the frame which supports it, is unbolted 
and rebolted to the front of the machine. The two steering wheels 
are then connected together by a tiebar and the frame extensions 
joined by a cross member, thus making a serviceable tractor. 
The space above the steering wheels permits of fitting a large box 
for tools, etc. 




THE TIMESAVER TRACTOR AND ONE WAY OUGH OUGHING FORWARD. 



XXX axvid 



PLATE XXXI, 



THE MESAVER TRACTOR AND ON PLOUGH OUGHING REVERSE 


timesaver tractor and one-wav plough 
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No differential is incorporated in the design of the machine. 
Eitlicr wlieel can be deelutclied as desired, tlius providing a ready 
means for turning the whole machine rapidly. 1’he clui.ches are of 
the dog type. 

The steering wlieels are contained in heavy bicycle-type forks 
and are pressed into contact with the ground by means of spiral 
springs situated i^etweeu the. supporting brackets and the tops of the 
forks. 

The driving wheels are fitted with spuds 3^ 4n. de(!p. 1'he 
depth of ploughing can be regulate<l whilst the machine is in opera* 
tion bv means of f.wo hand wheels, which rais(‘ (U’ lower the whole 
plough frame. 'I’his is done in a very simple manner by raising or 
lowering the fulcrum bar supporting the plough frame. 

The weight of the pre.sent machine is 2| tons, but it. is hoped that 
t his will be reduced to 2 tons in lattn- models. 

One of t.he dilliculties with t he one-way plough is steering, but. 
in the 'rimesaver t.his diflitnilty has been overcome and the machine^ 
is even self-steering. At the e.nd of each furrow one wheel is 
declutched and the machine swung half round ; it is then reversed 
until the driving wheel enters the last furrow. The plough is 
then dropped and the machine carries on. 'I’his operation is done 
so rapidly that practically no time is lost at t he headlands. 

The Timesaver tractor is capable of ploughing at any speed up 
to 4 m.p.h., and will plough an acre of land to a moderate depth in 
one hour without forcing. 

At a recent test the machine ploughed one acre to a depth of 
S in. in I hr. lO min., on a fuel consumption of If gallons, the fuel 
used for the purposes of the test being petrol. 

I’he Timesaver is so designed that all its gears and other details 
of its mechanism are very accessible and cajv easily be removed for 
replacement or repair. The present model does not incorporate a 
power pulley, but this will be fitted in future. It will be situated 
in front of, and parallel to, the near side driving wheel, and will 
be driven by bevel gears from the front end of the crankshaft. 

The Tinjesaver will be manufactured in two powers — 25 h.p. 
for use with a two to three furrow plough, and 30 h.p. for use with a 
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three to four furrow plough. In each plough the extra breast 
will be detachable, so that the tractor will not be strained when 
ploughing in heavy land. 


Speoipication. 

Engine. 30 h.p. 4 cylinder internal combustion, 4^ in. bore, 
6| in. stroke. Starts on petrol and will run on paraflBn once the 
en^ne is warm.. 

Carburettor. Zenith, single jet, with paraffin vaporising 
attachment. . 

Ignition. High tension magneto, with impulse starter. 

Cooling. Large gilled tube radiator and belt-driven fan. Water 
is circulated by means of a gear driven pump. Tractor has 
ploughed clover lea in summer in a shade temperature of 80 degrees 
Fah. without overheating. 

Transmission. Through dry plate clutch to gear box contain- 
ing two speeds forward and two reverse, thence through bull pinion 
to toothed ring on main axle. 

Wheels. Driving wheels are 5 ft. in diameter and 10 in. wide. 
Steering wheels are 2 ft. 6 in. in diameter and 6 in. wide. 

Frame. Constructed of rolled channel section steel, securely 
riveted and bolted together. 

Plough. Provided with three-furrow anti-balance plough 
complete. Plough breast and coulters can be supplied of any 
particular type to suit customer’s requirements. 

Power pulley. To drive any class of barn machinery, thresher, 
or circular saw, etc.; can be fitted, if required, as an extra. 

Governor. Patented. Has given excellent results ; can be 
regulated while engine is running and put out of action when 
ploughing by merely turning a set screw and a lock nut. 

Automatic anti-balance gear. Forward movement of tractor 
pulls plough into ground and automatically suspends idle ploughs 
at opposite end of frame clear of the groimd. 

Capacity. Will plough at any speed up to 3 miles an hour. 

Weight. Approximate tons without plough. 




THE TIMESAVER TRACTOR AND ONE-WAY PLOUGH. CONVERTED INTO A GENERAL UTILITY TRACTOR. 



Timbsavbr riuciToit an!) one-way tLouan 6d3 

Steering. Wheel and worm gearing. Same steering wheel is 
used for travelling in either direction by revolving driver’s 
seat round the steering column. The machine is self-steering if 
surface of ground is not too rough. 
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UNIITORMITY OF LENGTH OF COTTON HAIRS. 

A (XiNVENiKNT method of estimating uniformity of length of 
lint, whic'h will show the range of variation and also the proportion 
in which each lengt.h is present, does not appear yet to have been 
published. 

The obvious method of measurijig a sufficiently large number of 
single fibres from a representative sample is too tedious to be used 
as a routine method. The less t(«3 ions “ available fibre ” method 
desc-ribed by HarlamP shows only what percentage, by weight, 
of the sample is of and above a certain minimum length. It gives 
no idea of the range*, of variation nor of the proportion which each 
length bears to the whole. It assumes that all fibres below the 
fixed minimum length will be eliminated in the preliminary processes 
of spinning, which may be true of combed cottons, but is not true 
of cottons which are* not combed. It involvete the weighment of 
small quantities of lint which necessitates great care being taken to 
avoid error dne to changes in the humidity of the atmosphere, and 
in order to reduce the probable error to a reasonable figure the 
determination has to l)e made on ten seeds. 

While testij)g varioijs methods of determhiing lint length for 
comparative pur])oses it was found that Balls’ maximum combed 
length method'^ was strictly applicable to Indian cottons. Inciden- 
tally, it was found that it is not necessary to c.omb out the wdiole 
of the lint on the seed. An equally good result was obtained by 
combing out the lint on the right half of the seed and measuring 


' Wul Ind. Bull., Vol. XV, ji. 27«. 

* JjallM, 77k Dtveh'pnieni and Properties oj Haw (JoUon^ iK 185. 
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from the butt end of the median line out to a point on the halo 
represented by 3 o’clock. It was also found that from the combed 
length a very good idea of the range of variation of the bulk of the 
single fibres in the sample could be obtained and also some idea 
of the percentage of each length present. 

In the tabic shown below, the figures in the columns under I to 
V are percentages, the left hand column in each case refers to combed 
length and the right hand column to single fibre length. The 
actual number of readings made in each case is shown at the foot 
of the column. 
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The details for single fibres are ; — 


I 

10 fibres 

from each of 

10 seeds 

II 

16 

t» 

»• 

39 „ 

m 

100 

t* 


3 „ 

IV 

100 

»» 


7 „ 

V 

10 

«> 

«• 

10 


In I and V, the fibres were taken from a tuft drawn from 
3 o’clock on the halo. 

In II, 10 fibres were from the same part as in I and V and 6 
from 1 o’clock on the halo. 

In III and IV, 20 fibres were taken from each of 5 points spaced 
equally round the halo. 

The actual order in which the samples were dealt with was 
IV, III, II, I, V. 

Comparing combed length with single fibre length, the minimum 
figure of the range of the bulk of the single fibres may be taken as the 
same as the minimum figure of the range for combed length, and the 
maximum figure as 2 mm. higher, and allowing for the fact that in 
the ranges of higher value, II to V, the average single fibre length 
is about 1 mm. higher than the average combed length, the higher 
frequences in the range of single fibres correspond roughly with the 
higher frequences of the combed length range. 

Part of the routine work which has to be done in breeding 
cottons is to examine all the progeny plants from a single mother 
plant for each important character. For lint length this is done by 
measuring the combed length in 5 seeds from each plant. As there 
may be as many as 300 progeny plants from one mother plant, 
it is apparent that by merely tabulating the readings for combed 
length a very good idea of the range of variation of the bulk of the 
single fibres, and for all practical purposes, a sufficiently accurate 
idea of the percentage of each length, can be obtained. 

It is unfortunate that the ranges of each of the samples tested 
are so nearly equal in width. No type with a very narrow range of 
combed length has, however, yet been discovered. Possibly some 
other worker on cotton has such a type, on which this result could 
be tested. [6. R. Hilson.] 
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WORLD’S COTTON CONFERENCE. 

“ The Textile Manufacturer ” for June 1921 reproduces in full 
twenty-four papers read at the World’s Cotton Conference held in 
Manchester and Liverpool from 13th to 22nd June, 1921. All the 
papers are of more than usual interest. The opening proceedings 
and social functions at Liverpool and Manchester have been fairly 
well described in the daily press but, possibly owing to other events 
of international interest, little attention has been paid to the papers 
read and these contain much matter of interest to readers of “ The 
Agricultural Journal of India.” 

The paper by Mr. David R. Coker, the well-known South 
Carolina seedsman, is of particular interest as it describes the success- 
ful solution of a problem which confronts many agricultural depart- 
ments, viz., the replacement of existing short staple varieties of 
cotton by longer stapled and more profitable crops. Like many 
parts of India, South Carolina needs quick-growing cottons ; less, 
however, for climatic reasons, as in our case, than because of the 
advance of the boll weevil. Success has been obtained by selection ' 
from existiog mixtures and the foundation has been the pj^nt- 
breeding work of Dr. Webber who was in charge of plant breeding 
for the U. S. Department of Agriculture from 1898-1907, more 
recently Director of the California Experimental Station and now 
General Manager of Mr. Coker’s seed business. HartSville and much 
of South California are now growing cotton of 1 3/16" to 1 3/8" staple 
in place of the 7/8' to 1" previously grown, and the newer Hartsville 
strains have proved of great value in the Mississippi Valley. 
Mr. Coker insists on the absolute necessity of good marketing facilities 
to establish improved cottons and describes the work which his firm 
has done to organize the market in its early stages with the 
co-operation of several far-sighted spinners. 

The paper concludes on a note of pessimism and warning. At 
present prices, cotton growing in America with a standard yield 
of 260 lb. per acre is barely profitable, and Mr. Coker claims that 
not only must prices advance but that every possible effort must 
be made to (nake cotton growing a more profitable business, both by 
the improvement of cultmal methods combined with the use of the 
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best strains but also by improved market organization. It was 
clearly shown in the discussion that followed the paper that under 
existing circumstances the grower had less than a living wage when 
cotton fell to 12 cents per lb. 

The next paper by Mr. Himbury, (Jeiieral Manager of the 
British Cotton Growing Association, reviewed the progress made in 
developing cotton growing within the Empire. He showed that 
from 1895 to 1918 American consumption had increased trom 31 
per cent, to 59 per cent, of the American crop, and that the rest of 
the world was steadily getting shorter of cotton for their various 
needs. Marked success has been obtained in Nigeria, which produces 
some 100,000 bales per annum (of which 10,000 bales is cotton of 
staple above Ij") and Uganda which produced this season 52,000 
lailes of cotton of staple from 1 3/16" to 1 j." '^Hie prospects of the 
Sudan and of Mesopotamia are discussed, and it is stated that when 
the Sennar dam on the Blue Nile is complete, another 300,000 acres of 
cotton may be expected in the Sudan. The assi, stance given to the 
West Indies by the British (.'olton Growing A,ssociation in maintain- 
ing and extending Sea Island cottoii was also described. The 
writer puts in a strong plea for the better staffing of the agricultural 
departments in the colonies and particularly in India. In the 
following discussion the Direc'tor of Agriculture, Baroda State, 
pointed out the 7ieed of further irrigatioji works to stabilise Indian 
cotton growing. 

Mr. Meadows, of the U. S. Department of Agriculture, 
introduced the question of universal standards for American 
cotton and the difference between Liverpool ajid U. S. A. standards, 
and a spirited, if somewhat technical, discussion followed. 

Mr. A. B. Muir’s paper on the “ Purciiase and Sale of Cotton 
with its description of the Liverpool cotton market and lucid 
explanation of the I’eal value to the spinner and grower alike of 
a genuine “ futures ” marlcet, is of particular interest at the present 
moment as India hopes shortly to have in tlie East India Cotton 
Association and its Cotton Exchange in Bombay a sound organiza- 
tion for marketing cotton, the great need of which was pointed out 
by the Indian Cotton Committee and emphasized by the financial 
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crisis of 1 91 8. ]\Ir. Muir holds that no movement for spixmers to buy 
direct from growers can ever axjhieve any real degree of success 
because future trading is an essential in the present highly organized 
state of the Lancashire spinning industry. Several papers on the 
financing of cotton imports followed, iixxiluding one by Sir J. Hope 
Simpson, Joint Treasurer of the Conference, but better known 
in India as one of the earliest organizers of the co-operative 
societies. 

Of the many excellent papers read at the Maucliester session, 
those of most interest to agriculturists are those by Messrs. Howard, 
Davis, Balls and Crossley. 

Mr. How'ard's paper on “ The {.'haracteristics of (.iood Spinning 
Cotton is an extremely clear statement as to why a spinnei- is 
always clamouring that cotton should be even in length, ripe, even 
in grade and clean. He explains in simple language exactly where 
defects cause trouble during the spinning process and how compara- 
tively helpless the spinner is if the material is xiot uniform. He 
pleadedfor better organizat ion all-round which will enable the money 
now lost through defects to get back to the grower as additicyial 
profit. 

Dr. Balls’ schenxe of forecasting the cotton i rop by the use of 
plant development graphs is alxeady familiar to those who read his 
papers in “The I’hilosophical Transactions" of 1915 and 1916. 
He sketches briefly an organizatiojx suit.able for lai-ge cotton 
tracts and claims that the constant arrival of " forex^asts ” of 
the class suggested Avould do nuich tx) check undue fluctuations in 
price. 

Di'. Crossley’s papei' entitled ” JlesearcJi Work in the Cotton 
Industry is of particular interest at the present time. Outlining 
the intentions of the British (’otton Industry Flesearch Association, 
he states that in regard to spinning tl)eir main object will be to 
connect the properties of raw cotton with those t)f the yarn it 
produces. More accurate methods of testing yarns and cotton 
are necessary and the designing <xf iTistruments of precision for 
the purpose i» an essential preliminary. Many problems in relation 
to Sizing, weaving and finisliing await solution, and the aim of tlie 
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Research Association will be to try and understand the structural, 
chemical and physical changes produced during manufacture. We 
quote one paragraph from the paper as it seems characteristic of 
the new spirit pervading British industry. 

“ The application of science to industry is essentially a 
function of the industry where the closest co-operation is necessary 
between the research workers and those actually engaged in the 
industry.” 

In their report to the conference, the Research and Statistics 
Committee emphasked the need for a free discussion of the results 
of scientific research, whether from public or private laboratories, 
and give as examples of scientific data which could be exchanged, 
methods of testing fibres, yarns and fabrics, and information with 
regard to cotton growing. The institution of Cotton Research 
Associations in all countries represented at the conference was urged 
and the institution of an International Cotton Researcli Committee 
was suggested . The repoi't urged all Government administrations in 
cotton-growing countries to endeavour to check the mixing of 
different types of cottons and to maintain purity of type by such 
methods as controlling supplies of seed, ensuring supplies of pure 
seed and regulating the transport of cotton-seed and seed-cotton. 
[B. 0. Burt.] 

*% 

MANUFACTURE OF SUGAR DIRECT FROM CANE 
IN INDIA. 

In India there arc at present 18 factories making sugar direct 
from cane.’ Nine of these are situated in the province of Bihar 
and Orissa, six in the United Provinces, one in Assam and two 
in Madras. Enquiries were instituted by the Sugar Bureau to 
ascertain the quantity of cane crushed, sugar made and molasses 
turned out by each of these factories during the season 1920-21 
extending from the latter half of November to end of April. The 
Bureau is much indebted to the management of these factories 
for the readiness with which they supplied th§ information 
required. 
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We give below thel total figures of cane crushed, sugar made and 
molasses turned out by the factories in (1 ) Bihar, (2) United Provin- 
ces, (3) the rest of India, and (4) grand total of all India, 


TaHe showing toted prodeiction of sugar factoi ies crushing cane, 
season November 1920 to April 1921. 


Provino.^ 

Cane oitished 

1 Sugar made 

Molasses obtained 


1919-20 

1920-21 

1919-20 

1920-21 

1919-20 

1920-21 


Mdfl. 

Mds. 

Mds. 

Mds. 

Mds.* 

Mds. 

Bihar and Onsaa 

5.418.264 

6,577,083 

375,746 

466,100 

159,251 

261,620 

United Provinces 
of Agra and 

Oudh 

2.016,192 

2.547,871 

133,205 

156,777 

106,650 

119,231 

Other Provinces of 
India 

1,617,611 

606,461 

294,197 

47,414 

217.795 

23,801 

Total for India 

9,052,067 

9,721.416 

1 

803,148 

609,291 

483,696 

404,712 


It will be seen that 465,100 maunds of sugar are manufactured 
in Bihar alone. Taking 250 maunds cane as the average yield per 
acre, it will be seen that, roughly speaking, cane from an area 
of about 30,000 acres in Bihar is put through factories. 

A study of the returns submitted by the factories shows that 
there is a great margin for improvement in the efficiency of most 
factories. While one factory required as many as 17^ maunds 
of cane to make one rnaund of sugar, another factory made one 
maund of sugar out of only 11^ maunds of cane. The production 
of molasses, too, is frequently as high as 50 per cent, of the 
amount of sugar produced. 

It is hoped to collect and publish figures regarding the produc- 
tion of sugar from gur or rah by modern methods of refining in due 
course. [Wynne Sayer.] 

♦ ♦ 

A PRELIMINARY NOTE ON TRIPHLEPS TANTILUS, MOTSCH. ; 

AN ENEMY OF THE PINK BOLL-WORM. 

In liis paper on the Pink Boll-worm in Egypt (1916-1917) 
Ballou mentions that Triphleps sucks the eggs of the pink 
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boll-worm. He does not state whether this is Triphleps tantilm, 
but presumably that is the species roiu'crned. 

Last year an Authocorid nymph was seen at Coimbatore, suck- 
ing eggs of the pink boll-worm, but as the nymph was subsequently 
lost it was not recognized as the nymph of Triphleps tantilvs. 
This year Triphleps taMilus is very abundant ai\d it has now been 
proved to feed readily on ])otli the eggs and freshly emerged larvie 
of the pink boll-worm. The nymphs appear to be even more 
ferocious in their attacks than the adults. Several cases were seen 
in the Tnsectary of a Triphleps nymph running about with a pink 
boll-worm larva impaled on ils proboscis. 

Triphkps nymphs tunned into a tube containing Phttyedra 
gossypiella eggs and emerging larva* fell upoJi tiiem with avidity, 
the larvse being preferred to the eggs. 

It is not likely that Triphleps gets much oppoitunity of getting 
Platyedra yossypiella larva' in the field as they quickly bore into the 
nearest boll after hatching. 

Platyedra gossypiella, however, lays its eggs in places which 
Triphleps chiefly haunts and it seems likely that a fair number 
are destroyed. 

Triphleps tantilus feeds also on cotton Aphis and cotton Thrips 
and has also been seen, ju.st after feeding on an Aphis, to thrust its 
proboscis into one of the main veins of a cotton leaf and to remain 
there for sometime apparently feeding. 

The eggs of Triphleps are laid at the base of bolls in the rind of 
young bolls and in leaf stalk. Usually eggs are thrust into whatever 
part of the cotton plant is chosen, horizontally to the surface, but at 
other times they may be pushed in vertically. 

The nymphs are coloured yellow to yellow orange, with red 
eyes, and, as already stated, are voracious feeders. 

The pink boll-worm is so serious a pest in South India that 
any addition to the ranks of its enemies is of importance, and it 
would be interesting to know whether Triphleps tantilmha» been 
observed to attack either eggs or larva? in other parts of India, 
such as the Punjab where the problem is equally acute. Triphleps 
temtilus is easy to rear and might be used in conjunction with or 
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instead of the parasites which are at present sent to the ihmjab 
for boll-worm control. [E. Ballard. ] [ 'I’lie boll-worm problem in 
the Punjab, however, is concerned with Earias and not with 
Plaiyedra.— Editor.] 

A 

* * 

“SELF-BINDERS ” AT KARNAL. 

With reference to the Note on “ Self-binders ” in “ The 
Agricultural Journal of India ” (Vol. XVI, Pt. 3) by Mr. G. S. 
Henderson, the Manager of the Dairy Farm at Karnal writes to 
say that binders have been used at Karnal since 1911. He 
gives the following particulars: - 

We have never used horses for the binders but always 
bullocks. 

For the harvest of 1915 [ kept details of cost of cutting with 
these machines which resulted as follows : — 

Cost of cuttiny with hinderft, including labour, opening 
fields and slooking, cost of twine, oil, feed of bullochs, 
repairs to machines and depreciation. 

1. Oals. Total cost per acre Hs. 4. 

(Quantity of twine per acre 2'8 lb. Post of twine per acre 
R. 0-16-0.) 

2. Wheat. Total cost per acre Rs. 3-8-G. 

(Quantity of twine j)er acre 2’2 lb. Cost of twine per acre 

R. 0-11-10.) 

3. Barley. Total cost per acre Rs. 3-8. 

(Quantity of twine per acre 3*2 .lb. Cost of twine per acre 
R. 1-9.) 

Smaller sheaves were made when cutting barley and conse- 
quently more twine was used. The extra cost of twine is 
accounted for by this being from a later and more costly purchase. 

To accomplish the same work by hand we have, in previous 
and later years, paid from Rs. 5 to Rs. 10 per acre according to 
the heaviness and condition of the crop, the former figure 
representing the pre-war cost for cutting an average standing crop, 
and the latter for a heavy crop, badly lodged, at present rates of 
wages. 
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On tliis showing the use of binders gives a considerable saving, 
but it must be borne in mind that hand cutters reap a good deal 
closer to the ground and consequently gather more straw, which, in 
India, is a consideration. Again, in handling a very ripe or tangled 
crop, the binders shell out a good bit more grain than hand 
labour. 

The chief advantage of binders on a large farm is that they 
enable one to harvest large areas at a time when there is a heavy 
demand for labour and when the labour available would most likely 
not be able to handle the crop in time. 

To work these machines successfully, men with considerable 
mechanical aptitude are required — a by no means usual accomplish- 
ment among Indian labourers. Also, the land at tliis farm at rahi 
harvest is always exceedingly hard and dry, which, together with 
iriigation “ bunds,” cause excessive jolting and continual loosening 
of nuts. 

We have now four 5' Hornsby Binders, two imported in 1910 
and two in 1920. The fact that the 1910 importations are still in use 
speaks much for their sound construction. 

We always use two pairs of bullocks at a time in each 
machine, and consider we are doing a good day’s work when we cut 

five acres per machine. ' ■ 

* 

* * 

REAPING MACHINES AMONGST WHEAT. 

We have received from Lieutenant J. L. Flowerwood, Manager 
of the Military B'arm, Okara, Punjab, an interesting description of 
work of the reaping machines amongst wheat. The Okara farm is a 
very large one and 17 reaping machines are now employed. With a 
sufficient supervising staff, it has been found that the side delivery 
type is, on the whole, more economical of labour than the manual 
delivery type. It is also stated that the draught is less in the 
former case than in the latter. The profit and loss figures for 
machine cutting, as compared with hand reaping, bear out very 
closely the results obtained in the canal colonies in 1907-08 
{vide Article in Agri. Jour. India, October 1908) where an average 
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saviixg of over Rs. 3 per acre was effected by the use of the 
reapers. [Editor.] 

* * 

WATER-HYACINTH GOMIOTTEE IN BENGAL. 

Tn pursuance of a resolution relating to ways and means for 
removing the semurge of the water-hyacinth, passed at the Legisla- 
tive Council, Bengal, on the 22nd February, 1921, the Local Govern- 
ment, in the Ministry of Agriculture and Public Works, have 
appointed a Committee composed of the following •gentlemen to 
enquire, into the spread of water-hyacinth in Bengal, and to 
suggest measures for its eradication;- - 

1. Sir .Tagadish Chandra Bose Kt., C.S.I., C.I.K.. F.R.S.. 

D.So.. PreitiderU. 

2. Maharaja Kshaunish Chandra Ray Bahadur, M.L.C., 

3. Mr. G. Evans, C.I.R., M.A., Director of Agriculture. 

Bengal. 

4. Rai Sailendra Nath Banerjee Bahadur, Executive 

Engineer. 

5. Dr. Muhammad Ibrahim Sufi, Assistant Directoi; of 

Public Health. 

6. Balm Nibaran (Chandra Das Gupta, M.L.C, 

7. Khan B;rhadur Maulvi Hemayetuddin Ahmad. 

"Phe Directoi" of Agriculture will ac.f. as Secretary to the 
Committee. 

* 

* * 

HYBRIDIZATION AND EVOLUTION. 

In the “ American Naturalist ” for .June 1920, Professor 
E. M. East, in an article entitled “ Hybridization and Evolution,” 
gives an account of results obtained in the crossing of two 
speoieH—Nicotiana rustica L. and Nicotiana paniculata L. 

The cross between these two species gives an Fi generation 
intermediate between the two parents, and as uniform in each 
character as either parental group. 

Few of the male or the female gametes are viable, yet by careful 
attention to pollination, from one to twenty seeds can be obtained 

7 
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in the capsules, where normally two hundred to three hundred 
seeds are found. These seeds produce an F* generation which is 
inordinately variable. No two plants are similar, and numerous 
types can be picked out which if found in the wild would 
undoubtedly be classed as different species. In genetic terms, the 
behaviour of the two species may be described as follows : They 
differ in an extremely large number of inherited factors ; and 
owing to these numerous differences, many of the otherwise 
possible combinations of F, gametes are not functional. A huge 
percentage of expected combinations of both gametes and zygotes 
are thus eliminated. 

The factors which in combination produce normal fertility, 
recombine in the Mcndelian sense, quite as do the factors 
controlling the form of leaf and flower. 'Phe result is that after a few 
generations of selection one nmy obtain a variety of strains, 
uniform within each line, so fertile as to yield capsules with over 
ninety per cent, of the normal quota of seed, and so different 
from one another that the extreme types are more unlike than 
the two original species used in the cross. 

After three years of selection (F#), eight sucli strains remained 
out of a large series of selections studied earlier. The smallest type 
•was about 20 cm. in height with small smooth oval leaves, and the 
largest was nearly 200 cm. in height with wrinkled cordate leaves 
scmie of which were 50 cm. in length. 

These eight strains were crossed in all possible combinations, 
and every Fi generation exhibited as high a degree of fertility as 
that shown by the parents. 

Tliese results are regarded by the author as having an important 
bearing on certain important problems concerning evolution. The 
enormous variability of the F, generations arising from partially 
sterile F, generations produced by crossing species, lead one, he 
thinks, to suspect that such combinations might be the basis of a 
great deal of variability responsible for evolution under domestica- 
tion. A careful survey of the evidence relating to the origin of 
modern horses, cattle, sheep, swine, dogs, guinea-pigs, fowls, 
ducks, and geese on the one hand, and varieties of wheat, corn. 
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barley, oats, rye, apples, grapes, roses and begonias on the other 
hand, shows that in every case several related wild or semi-wild 
species exist which will cross together and yield partially fertile 
off-spring. Both the historical and the experimental evidence, 
therefore, point to hybridization, and particularly to species of 
hybridization, as the great single cause of evolution under 
domestication. 

At the same time, however, the auther says, one must not 

confuse evolution under domestication with natural evolution. 

» 

The outstanding biological feature characteristic of tlie varied 
groups of domestic animals and of cultivated plants, is l.he perfect 
fertility within each group. A marked peculiarity of the great 
majority of natural species is their sterility with one another, the 
origin of w^hioh has long been a stumbling block to writers on evolu- 
tionary biology. His own experimental evidence, as far as it goes, 
and observations on domestic f(»rms which presumably have origina- 
ted from combinations of two or more wild species, yield, he thinks, 
not the slightest indication of tendency toward the prodiuition 
of segregates that exhibit either incompatibility in crosses or sterility 
of the individuals produced by hvlnidization. [S^cienfific Ameri- 
can MotMy, Vol. ITI, No. I.j 

* 

♦ ♦ 

CULTIVATION OF LONG-STAPLE COTTON IN THE SOUTH- 
WESTERN DISTRICTS OF THE U. S. A. 

We are indebted to the Indiarj Trade Commissioner in Loudon 
for the following precis of a lieport by Mr. C. S. Schofield, of the 
United States Department of Agriculture: — 

Development of the industry. Cotton was first introduced into 
the irrigated lands of the south-western United States in 1905. 
Experimental work was carried out from 1905 to 1912 which 
resulted in the commercial production of cotton of the Egyptian 
type and of the American Upland type. By 1920 the area under 
cotton approximated to 500,000 acres. About one-half of this 
is devoted to American Upland, but there has been no standardiza- 
tion of seed supply for this kind, and now no pure seed of Upland 
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cotton is available. The other half is under Pima, of which an 
ample supply of pure planting seed is available. 

The industry in this area has i.emporarily, at least, reached the 
end of ite period of expansion. 

T//.e two kinds of cotton. The Upland type includes several 
varieties which have been hopelessly intermixed with (.‘onsequent 
deterioration of quality and yield. The Pima cotton is all of one 
variety, and special care is taken to maintain purity. 

Upland cotton can be grown in 225 days, and is ginned on 
saw gins, while Pima requires 275-300 days to mature, and is ginned 
on roller gins. Upland yields about 30 per cent, more lint per acre 
than Pima, but the yields of seed-cotton are the same. The produc- 
tion costs are about the same, but the harvesting cost of Pima is 
nearly double that of Upland. 

‘ The Upland cotton areas. (1) Pecos Valhy. The ]920 crop is 
estimated at 7,000 bales from about 10,000 acres. The pink boll- 
worm appeared in one section of this valley in 1918, but was 
cheeked. The Mexican boll weevil has not been reported. 

(2) Rio Grande Volley. About 22,000 acres under Upland 
cotton in 1920. Pink boll-worm appeared in two areas in 1920. 
The area may be reduced this year. 

(3) Yuma Valley. Tn 1920 about 15,000 to 18,000 acres were 
under Upland cotton, and 10,000 under I’ima. The Upland crop 
was unsatisfactory owing tK) seed admixture. ' Cotton aphis, cotton 
Stainer and anthracnose have been troublesome : neitlier pink boll- 
worm nor Mexican boll weevil has yet appealed. 

(4) Imperial. Valley. The area under cotton in 1920 included 
about 1 30,000 acres in Mexico and 90,000 in California. Of this area 
about 28,000 acres were planted with Pima, mostly in California. 
Cultural methods are poor and only about 10 per cent, of the cotton 
land has ever been ploughed. Export duties from Mexico are high. 
Tn California there is no systematic rotation of crops, and there is a 
shortage of water nearly every year. The situation is not satisfac- 
tory, and the acreage will probably be reduced. 

(5) Coqchelh Valley. Only about 1,000-1,500 acres were under 
Upland in 1920 and a few hundred acres under Pima. Some 
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small experinvMiial plots gave very higli yields of Upland (as 
high as 3,300 lb. of seed-eotton per acre). Possibly attempts 
may be made here to establish a pure strain of Upland for seed 
distribution. 

(6) Han Joaquin Valletf. Jn 1920 theje were about 20,000 
acres of cotton, half Pima and half Upland. Most of the cotton is 
grown Avith pujnpod water : in the higher lands the lift is over 
100 feet and Upland cannot profitably be growji. The outstanding 
feature is the fruitfulness of ])oth varieties in thi§ valley ; boll 
shedding is much less than in the South and East. 

Pima cotton. Prior to 1920 ]*ima cotton was extensively 
produced only in the Salt River V^alley, Arizona, where it was first 
grown in 1912. At first the Yuma variety was grown and Pima 
was developed l)y selection from this. The purity of this variety 
is now carefully maintained by separate gi)mijig and by field 
inspection. At present there are about 180,000 acres of Pima in 
the valley alone, ano altog(‘t he.r about 240,000 acres from which 
a cro]> of 120,000 bales is expected. 

Gins and fiinninfj. In the south-western districts there are ,548 
gins, 390 of which are iti Salt River Valley, fn that valley at the 
height of the harvest the picking reached 1,000 tons of seed-cotton 
daily, or 1,000 bales of lint, whereas the daily ginning capacity was 
only 700 bales. The charge for ginning Pima in 1920 was $1’20 per 
100 lb. of seed-cotton, together with $4'00 a bale for the support, 
of the organization that imports the pickers. Mechanical feeders are 
in general use. Some new depart.ureshave been made in the cover- 
ings of the rollers. A heavy hydraulic j)acking made of rubber and 
cotton has been substituted for leather. 

The Upland crop is ginned on saw gins at a cost of about 
35 cents per 100 lb. of seed-cotf on plus $2’25 per bale for bagging 
and ties. 

Pima has not been compressed at primary shipping points, 
being sent to the mills in low-density bales. The Upland (;rop is, 
however, mostly compressed before shipment. 

Heed crushing. There are a number of oil mills in* the South- 
west. Before the war the mills paid $15*00 a ton for seed; dur ing 
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the war this advanced to $85 to $100 a ton, but has since fallen back 
to the pre-war price. 

Tjohour situalioyi. At first the Indians of the Arizona reserva- 
tions supplied the pickers, but as the acreage extended, this 
source of supply was inadequate. Mexican labour was, therefore, 
impoi’ted. To raise the necessary money all the ginneries were 
persuaded to agree to increase the ginning charge by $2*00 a 
bale and pay over to the labour organization the money so 
collected as fund for securing pickers. On the security of these 
agreements tlie banks advanced the funds required to the labour 
organization. This sclieme has worked w'ell. At first the rate 
of pay for picking I’ima w'as $2'00 per 100 lb. of seed-cotton 
(1916) ; the rate has been increased from time to time until in 
1920 the pickers were paid $4‘00 per 100 lb. In 1920 there 
were about 30,000 pickers in the Salt Jliver Valley. Attempts 
to introduce a similar system in the Yuma and Imperial Valleys 
have not been successful, because the ginners would not all agree 
to assess their customers. In the Imperial Valley there has been 
no shortage of labour in Mexico, where (’hinese, Japanese and 
Mexicali labour is employed, but north of the frontiei- there is 
perpetual shortage. 

On the average pickers gather 60 to 100 lb. of seed-cotton a day 
in Pima fields, and 125 to 175 lb. a day when picking Upland cotton. 
Taking as an average yield 1,000 lb. of seed-cotton per acre from 
Pima, provision must be made for 1 picker for 6 acres. For Upland 
cotton 1 picker for 12 acres will suffice. 

Cost oj production. Estimates were prepared in 1913 and 1914 
by the U. S. Department of Agidculture. By adding the fixed 
charges, growing cost and net harvesting cost, and deducting the 
sum derived from sale of seed, the estimated cost per lb. of lint 
varied between 16-4 cents and 12*3 cents, according as to whether 
the yield was taken as 1,200 lb. of seed -cotton or 2,552 lb. of seed- 
cotton per acre. It was estimated that the lint would fetch 20-22 
cents per lb. 

For 1920 the yield was considerably less, and the estimated cost 
per lb. of lint varies between 60'4 cents and 40'6 cents according as to 
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whether the yield is taken as 800 lb. of seed -cotton or 1,600 lb. of 
seed-cotton per acre. 

From an analysis of the cost of production and the relative 
prices obtainable for the lint, the conclusion is drawn that there is 
no ground for changing from Pima production to Upland cotton, and 
emphasis is laid on the importance of securing large yields by 
careful selection of land and sound methods of cultivation. 

Climatic difficulties. The crop in the South-west is subject to 
the hazards of climate no less than in the Eastern belt, and in the San 
Joaquin Valley in particular boll-opening is sometimes delayed 
in the lower fields after the first frost by the excessive^ humidity of 
the air. 

Boll sheddin{j. This is a very serious factor in reducing yields in 
the South-west, and a means of minimizing must be found so as to get 
larger yields, if profitable crops are to be grown under preselit 
economic conditions. Climat ic conditions are probably primarily 
responsible, but the effect can be minimized by proper cultural 
differences. 

The best cultural practice has not, however, yet been deter- 
min(‘d. It is probable that the remedy will be found in adapting 
the amount of irrigation to the permealnlity of the different soils, and 
ascertaining by experiment the most favourable time for irrigating 
the plants. 

Cotton production and other crop industries. Cotton crops 
always decline in yield if grown on the same land in several 
successive years, but in the South-west it was found difficult to 
devise a profitable crop rotation. Alfalfa, grain and truck crops 
were suggested, but the livestock locally was insufficient to consume 
them, and they are too bulky to be worth long shipment. If the 
yield of cotton is to be increased this difficulty must be overcome. 

Tjurge-scale cotton production. The following general principles 
are stated : — 

1. The average cotton farm is not very profitable and the large 
enterprise must get better than average yields at little, if any, more 
than average production costs if it is to return a profit on the 
investment. * 
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2. Expensive overhead costs must be avoided and labour must 
be continuously and effectively employed. 

3. Cotton must be grown in rotation with other crops if yields 
are to be maintained and labour and equipment effectively 
utilized. 

4. The other crops grown in connection with cotton for pur- 
poses of rotation must be so produced and utilized as to return at 
least a small profit on their own account, and not stand as a liability 
against the cotton crop. 

6. Tlje whole operation should be so conceived and conducted 
as to pay a reasonable return on the investment over a period of 
years, and not so as to have to look for ultimate profit to an increase 
in land values. 

Seed sujyply. Pima seed is gimied separately, and one gin is 
needed solely for seed-cotton from sele(;ted fields intended to supply 
seed for planting. Adequate supervision and field inspection are 
ensured by the 'I'empe (’otton Exchange. 

Upland seed is now hopelessly mixed, and the introduction of 
new supplies is debarred by fear of the dangej" of insect invasion. 
The effect of the seed mixture has been deterioration in both yield 
and quality. The only remedy is to be found in the production 
locally of better planting seed. 

* 

* * 

EHPIRE COTTON GROWING. 

The lew on raw cotton in United Kingdom. The 
Empire Cotton Growing Committee announce that the assent of 
the owners of more than 90 per cent, of the spinning spindles in 
the United Kingdom has now been obtained to the proposed levy 
of 6d. per bale of 500 lb. on all raw cotton used in the country, the 
proceeds of which levy are to be devoted to the puiposes of the 
Empire CV)tton Growing Corporation. The Committee are gratified 
that so high a degree of unanimity has been reached with regard to 
tliis proposal, and the successful completion of the levy has been 
reported toAhe Livei’pool and Manchester Cotton Associations, who 
have undertaken to consider the methods that should be adopted to 
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enable the Associations to collect the amount represented by the 
levy on imported cotton. When the Associations have reached a 
decision on this point, steps will at once be taken to apply 1 hrough 
the President of the Board of Trade for the grant of the Charter 
xmder which it is intended to establish the (/orporation . [The Board 
of Trade Journal, dated 2nd June, 1921,] 

Grant prom Eoyptian surplus. It has been decided by the 
Government to allot the British share in the Egyptian Cotton 
Surplus — up to a maximum of one million sterling -tp the Board of 
Trade for the development of cotton growing within the Empire. 
It is the intention of the Board t<.» devote this surplus as a capital 
sum to the purposes of the Empire (Jotton Growing ('orpoiation. 

The Government had previously undertaken to provide* £50,000 
a year for five years to the Corporation under the condition, which 
has been fulfilled, that the owners of at least 90 per cent, of the 
cotton spindles in the country should agree to a levy at the rate of 6d. 
a bale on th(i raw cotton <‘on8uraed here. The allotment of the 
above capital sum will be in lieu of this Government grant and * 
will be subject to the continuance of the tinaju'ial co-operatioji of 
the cotton industry. [The Board of Trade Journal, dated 9th 
June, 1921.] 

♦ 

RESTRICTIONS ON IMPORT OF SUGARCANE. 

In exercise of the powers conferred by sub-section (1) of sexition 
3 of the Destnn'tive Insects and Pests Act. 1914 (IT of 1914), the 
Governor-General in Goimcil is pleased to direct that the following 
further amendment shall be made in the order published with the 
notification of the Government of India in the Department of 
llevenue and Agriculture, No. 13-G, dated the 7th November, 1917, 
namely ; — 

For paragraph 6 of the said order the following shall be substi- 
tuted, namely : — 

‘‘ 6(i) Sugarcane shall not be imported into British India by 
sea from the Fiji Islands, New Guinea, Australia or the Philippine 
Islands. 
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“ (ii) Sugarcane shall not be imported into British India by sea 
from any other country unless it is accompanied by an official 
certificate that it has been examined and found free from cane borers, 
scale insects, aleurodes, root disease (any form), pine apple disease 
{Thielamopsis ethaoetims), sereh and cane gummosis, that it was 
obtained from a crop which was free from Mosaus disease and that 
the Fiji disease of sugarcane does not occur in the country of export. 

“ Provided that in the case of canes for planting imported direct 
by the Government Sugarcane Expert and intended to be grown 
under his personal supervision, such certificate shall be required only 
in respect of the freedom of the country of export from the Fiji 
disease of -sugarcane.” 



PERSONAL NOTES, APPOINEMENIS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


We deeply regret to liave to record the death of 
Mr. («. A. D. Stuart, f.C.S., Director of Agriculture, 
Madras, which took place in Madras on the morning of 
Monday, the 8th August, 1921. 

The late Mr, Stuart was one of the most successful 
Directors of Agriculture, lie officiated in 1919 for six 
months as Agrhailtural Adviser to the Government of 
India and Editor of this Journal. 

Mr. F. J. Warth, M.S(%, late Agricultural Chemist, Burma, 
and Offg. Imperial Agricultural Chemist, is appointed Physiological 
Chemist, Agricultural Research Institute, Pusa, with effect from 
the 1st July, 1921. Mr. Warth will, in addition to his duties as 
Physiological Chemist, continue to officiate as Imperial Agricultural 
Chemist until further orders. 

♦ 

* * 

Mb. G. R. HiLiSON, B.Sc., has been appointed to officiate as 
Director of Agriculture, Madras. 

♦ 

1 : * 

Mr. F. R. Parnell, B.A,, Government Economic Botanist, 
Madras, has been appointed to take over, in addition to his 
own duties, the office of Principal of the Agricultrural College, 
Coimbatore.* 


( 685 ) 
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Mr. H. T. Ashplant has been appointed Second Mycologist, 

Madras, for the investigation of diseases affecting rubber. 

* 

♦ ♦ 

Mkssr.s. D. Ananda IIao, M. It. Kamaswaini Sivan and T. S. 
Venkatraman, of the Madras Department of Agriculture, have 
been promoted to the Indian Agricultural Service, and appointed 
Deputy Director of Agriculture, Lecturing (..'hemist, and Government 

Sugarcane Expert, respectively, in that department. 

* 

Mr. J. G. .Jkrrom, M.K..C.V.S., who has been appointed 
to the Indian C’ivil Veterinary Department and posted to the Bombay 
Presidency., has l)eeu appointed Superintendent, ('ivil Veterinary 
Department, Sind. He has also been pla(;ed in cliarge of the Civil 
Veterinary Department in Baluchistaix and Kajputana in addition 
to' his own duties, 

* 

* ♦ 

Mr. M. M. Maokenzik, Super! ntejident of the Sepaya Earm 
in Bihar and Orissa, has been granted privilege leave for two months 
from the 6th August, 1921, 

♦ 

* * 

Dr. Thaki’r Mahadeo Singh, Offg. Agricultural Chemist to 
Government, United Provinces, has been granted c-ombined leave 

for six months, Lala liar Narain Batham officiating. 

♦ 

♦ * 

Mr. O. i\ Faulkner, B.A., Offg. Professor of Agriculture. 
Lyallpur, has been granted combined leave for six and a half months 
or for such short, period as may elaj)se before his transfer to serAdec 

under the (Tovernmeut of Nigeria. 

♦ 

ifc )|e 

Mr. H. 11. Stewart. Deputy Director of Agriculture under 
training at Lyallpur, is appointed to officiate as Ih'ofessor of Agri- 
culture, vU‘e Mr. O. 'l\ Faulkner. 

« * 

Mr. T. F. Quirke, M.K.(\V.S., has been confirmed in the 
appointment of Chief Superintendent, Civil Veterinary Department, 
Punjab. 
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Liettt.-Colonel (t. K. Walker, C.T.E.. O.B.K., Pnncipal, 
Punjab Veterinary College, Lahore, is granted pjivilege leave for 
three weeks. Captain E. Sewell officiating. 

* 

* * 

Mr. W. Taylor, M.R.C.V.S., Professor of Pathology and 
Parasitology, Punjab Veterinary (-ollege, Lahore, has been granted 
23 days’ furlough on full average salary, Captain K. J. S. Howland 
holding charge in addition to his own duties. 

Captain E. Sewell resumed charge of his duties as T’ost- 
graduate Professor, Punjab Veterinary College, Lahore, on the 
23rd May, 1021, relieving Mr, W. Taylor, M.R.C.V.S., Professor 
of Pathology and Parasitology, of the addif.ional dutie.s of I’ost- 
graduate Professor. 

Ht 

* * 

Mr. D. Hendry, B.Sc., Deputy Director of Agriculture, Bunna, 
is transferred from Mandalay and posted to the charge of the 
Houtheru (Jircle, with headquarters at luseiu, viae Mr. R. A. Beale, 
who revertis l.o his subst-autive appointment as Assistant Botanist. 

* 

* * 

The University of Edinburgh has conferred the degree of D.Sc. 
(Agriculture) upon Mr. D. ('louston, (-.f.E.. Director of Agriculture, 
Central Provinces. 

* 

♦ ^ 

The Government of India have decided to add a representative 
of the Indian Merchants’ ('hamber and Bureau, Bombay, to the 
list of non-official members of the Central Cotton Committee pub- 
lished in paragraph 4 of their Resolution No. 404-22, dated the 
Slst March, 1921, which was reproduced in this Journal (Vol, XVI, 
Part 3, May 1921). 
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Chemical Fertilizers and Parasitieides.- By S. IIoare Collins, 

M.Sc..' F.f.(\ Pp. xii-i-273. (London: Baillidro, Tindall 

& Cox.) 

This is a companion volume to the work hy the same author, 
“ Plant Products and Cltemical Fertilizers,” which has already 
been reviewed in this Journal (Vol. XfV, p. 3(>4). In the previous 
work chemical fertilizers were dealt Avith only lirielly and from the 
point of view merely of crop increment, but in the present volume 
the sources and methods of manufacture take precedence and are 

f 

treated in considerable detail. 

The work is well written and arranged, is very readable and 
contains much usefid information as to the latest developments : 
for example, the manufacture of potash salts from blast furnace 
dust, the utilization of atmospheric nitrogen in the manufacture of 
fertilizers, and particidarly such processes as those of Cottrell for 
dust recovery. These have been devehAped particularly in the 
United States where, for example,- the Anaconda Copper Mining 
Company of Montana make use of over 100 miles of chains suspended 
between plates and electrically charged to precipitate flue 
dust. 

The work is not too severely technical and will undoubtedly 
be of great service to the general reader who wishes to become 
acquainted with the principles of the valuation of fertilizers, the 
distribution of fertilizers over rotations of crops, the nature of 
manures for special soils and climates and for special crops. These 
subjects are treated in special chapters. The results obtained at 
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Cockle Park in Northumberland should be of particular interest 
to Indian readers as showing the extraordinary effect of phosphates 
in promoting root development where such is lacking and in 
modifying the texture completely and changing the character of poor 
soils. In grass lands the tendency is to develop a thick mass of 
useless grass which keeps rain from penetrating into the lower soil 
so that root development is very feeble. On the other hand, by 
u.sing phosphates the roots break up the soil, and convert an indiffer- 
ent clay into a fair loam. Accompanying this is a complete change 
in the bacterial decompo.sition of the organic matter in the soil 
accompanied by a great enrichment of the soil nitrogen. Thus 
on the Tree Field at Cockle Park eleven years' treatment with slag 
and superphosphate has increased the nitrogen in the soil from 
0‘185 to 0-230 per cent., that is, an addition of 850 lb. of nitrogen 
per i re. This stands iii marked contrast with the use of nitrogenous 
manures such as sulphate of ammonia and nitrate of soda, with 
which praclh^ally no increase of nitrogen occurs. The great improve- 
ment in quality of the hay and pasture which accompanied treatment • 
with basic slag or super is emphasized. This has enabled a much 
larger stock to be kept with considerably less expenditure on 
concentrated feeding stuffs. The better feeding value of the hay has 
reduced the amount of cake needed in the winter months. The 
improvement, as was also found at Rothamsted, is due largely to 
the increase in the proportion of leguminous plants such as clover, 
for a good growth of which the phosphate supply is all important. 
The application of basic slag at Cockle Park not merely gave a 
greatly increased yield of hay and mutton grazed on the fields, 
but quadrupled the amount of phosphoric acid consumed per acre 
by the animals. The question of quality of crops as distinct 
from mere yield is one which in India is of extraordinary 
importance, but has as yet practically remained untouched. In 
this connection the author emphasizes that the most nutritious 
pastures in England and the best dairy pastures in France are 
those richest in phosphates, whilst the best wines of France are 
those which contain the greatest quantity of phosphoric acid, 
[W. A. D.] • 
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Two New Books on Soale-Insects.--(i) Leonardi, G. Monogratia 

della Cocciniglie italiaiie. Portici ; pp. vii-} 556, 376 figs.; 
March 1921. (2) Maccsiuavray, A. D. The Coccidae. 

Illinois; pp. viii | 502 : Jan. 1921; Price |6 nett. 

1’hr first of these two hooks is a posthumous work produced 
under the editorship of Profes.sor Silvestri and illustrated with the 
numerous and excellent figures which we associate with the publica- 
tions of the Portici Lahoralory. Although essentially a monograph 
of the Italian (!oc-cidie, many widely-distributed species, occurring 
in the Indian region also, are desc.ribed and figured. 

The second booh contains tables for the identification of the 
subfamilies and some of the more important genera and species 
together with discussions of their anatomy and lifehistory. and 
has been developed from notes originally collected for the use 
of students in the identification of (Joccids. J'he omission of any 
explanatory iigures or diagrams is in great contrast to the wealth of 
illustration in Dr. Leonardi’s monogra}>h ; the author states that 
the tables were prepared for the use of students, that those who have 
had ex|)erienco in teaching know that most students will not 
undert-ake anything they are not forced to do, and that the omission 
of figures makes if> necessary for them to study their specimens 
rather than figures ; but, whilst such an argument applies to the 
notes for students in their original form, we think that it scarcely 
applies to a book such as is now issiuul to a widi^r circle and that the 
inclusion of at least a few figures will undoubtedly improve any 
further editions, ft is impossible to give an abstract of a book of 
this nature, which is if.self largely a.summary, but we must disagree 
with the author’s statement (p. 09) that the female of Monophhhm is 
unknown, a statement re})ea.ted on p. 71, where M. stehhingi is 
omitted from the East Indian species mentioned. Many new 
generic names are introduced and if would have assisted systematic 
workers if these had been more clearly marked as (jeneni nova or if a 
list of new terms had been added at the end of the book ; as it is, one 
has to dig them out from the closely-printed tables ; we find, for 
example, that the Indian Coccid, Aspidiotus artocarpi. Green, is 
made the type of a new genus, Parturgionia, characterized on 
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page 394 and described more fully on page 458, where artocarpi is 
given as the sole species ; bnt it is necessary to wade through the 
whole of the tables to discover what new genera have been intro- 
duced as regards the Indian fauna. 

Both of these books \\ill be indispensable to all workers on 
Indian Ooc(id«'. [T. B. F.j 

M * 

Birds of an Indian Vlllage.—B;. T), Dewar. Pages 146, coloured 
frontispiece and 44 text-figures. (Oxford University Press.) 
Price Rs. 2-8. 

In this little book the author has written fifty short chapters on 
Common Indian Birds. Tlie accounts of the various birds are 
written in simple language, supposedly addressed to an Indian 
villager, bul they contain a large amount of information and may Fre 
commended to all interested in the .study of bird-life. Some of the 
Illustrations ai(' rather crude (c.</,, that of the Common Mynah on 
j). 35). but there is little difficulty in recognizing most of the • 
portraits given here. [T. B. F,] 



(Somsppndtntr 


A CUBIOUS DISEASE AMONGST POULTKY. 

To The Editoe, 

The Agricultural Journal of India. 

Sir, 

t 

With reference to the note on page 453 of this Journal for July 
1921, on the above subject, it is siiggested that there is a considerable 
resemblance with “ tick paralysis ” in certain animals in Australia. 
Experiments there are recorded in “ The Agricultiiral Gazette of 
Ne^ South Wales” for May 1921. The particular resemblance 
lies in the fact that emulsions of the spinal chord, etc., injected 
subcutaneously into healthy fowls fail to convey the disease. 
Similarly in tick paralysis it was found impossible to reproduce the 
disease by inoculation from the diseased siibject, and the inference 
is that the paralysis was set up not by any organism introduced by 
the tick, but by a toxin injected by the tick into the host. 


IWA July, 1921. 


Yours faithfully, 

J. Matson. 



NEW BOOKS 


ON AOKICULTlTltE AND ALLIED SUBJECTS 


1. The Diseases and Pests of the llubber Tree, by T. Peteh. 

Pp. x-f 278 i-vi plates. (LondoJi : Macmillan & (■o.) Price, 
20s. net. 

2. How to 'J’cacli Agriculture : A Book of Methods in this Subject, 

by Pi’of. Ashley V. Storm and Dr. Kary C. Davis. Pp. 
vii-|-434. (London: J. B. LippincottCo.) Price, 12«. 6d. 
net.. 

3. Insects and Human WcHare, by Prof, (.'harles T. Brues. 

I’p. xii-t-104. (Loudon : Oxford University Press.) Price, 
10s. tkZ. net'. 

4. Dairy Bacteriology’, by E'rof. Orla-Jeusen. 'franslated frftrn 

the second Danish edition by P. S. Arup. Pp. xiiH 180. 
(London : J. and A. Churchill.) Price, 18s. Jiet. 

o. V^eterinary Hygiene, by B. (1. Linton. Pp. 443. (London, 
W. (Treejv.) Price, 205 . 

0. The Coconut, by E, B. Copeland. Second edition, revised. 

J*p. 241. (London: Macmillan & Co.) Price, 20s. 

The following public^ations have been issued by the Imperial 
Department of Agriculture in India since our last issxje : — 

Memoirs. 

1. New Indian Call Midges (Itonidida?), by E. P. Felt; Three 

New Wasps from India, by 0. K. Dutt, B.A. (Entomological 
Series, Vol. VII, Nos. 4 and 5.) Price, As. 12 or Is. 

2. Die- back of Chillies {Capsicum spp.) in Bihar by Jehangir 

Fardunjj Dastur, M.Sc. (Botanical Series, Vol. XI, No. 6.) 
Price, R. 1 or Is. 4d. 
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Bulletins. 

3. A Summary of Experiments on Rice in Bihar and Orissa from 

1912 to 1919, by 0. 0. Sherrard, B.A. (Bulletin No. 96.) 
Price, As. 10. 

4. Cotton Bollworms in India, by T. Bainbriggo Fletcher, R.N., 

F.L.S., F.E.S., F.Z.S., and C. 8. Misra, B.A. (Bulletin No. 
105.) Price, As. 8. 

6. Experiments in Egypt on the Survival of the Pink Bollworms 
(resting 'stage larvae) in ripe damaged Cotton Bolls buried 
at different depths, by F. C. Willcocks. (Bulletin No. 107.) 
PricCj As. 5. 

6. The Preservation of Wood against Termites, by T. Bainbriggo 

Fletcher, R.N., F.L.8., F.E.8., F.Z.8., and (\ C. Ohosh, 

' B.A. (Bulletin No. 110.) J’rice. As. 3. 

7. The Preparation and Reproduction of Scientific Illustrations, 

by A. W. Slater. (Bulletm No. 114.) Price, As. 4! 

JB. The Saving of Irrigation Water in Wheat (Irowiiig, bv Albert ’ 
Howard, C.I.E., M.A., and (.labriclle Jj. (\ Howard, M.A. 

' (Bulletin No. 118.) Price, As. 4. 

Indigo Pnblimtions. 

9. 'file Nature of the Changes oc-cuiriiig during the Extraction 

of Indigo from the Java Plant {Indigojcrii armia). by W. A. 
Davis, B.Sc., A.C.G.l. (Indigo Publication No. 9.) Price, 

R. 1. 

10. Note on the Deterioration of Indigo Seed during St oring, by 

Major W. R. G. Atkin^, Sc.D., F.l.C. (Indigo Publication 
No. 10.) Price, As. 3 

Report. 

11. Proceedings of the Third Meeting of Mycological Workers in 

India, held at Pusa on the 7tJi February, 1921, and following 
days. Price, As. 11. 



PUBLICATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO HE BAD KHOM 

Trk OrriOR or thr Aokicultukal Auviher to the Uovkknmknt op India* Poha, Biuar^ 
and from th€ following Agentt 

(7) TUAOKUU k CO.* LTD.* Bombay. 

(8) SUNDER PAMDUUANG* Bombay.. 

(9) Uai Sahib M. GULAB SINGH k 
SONS* Lahore. 

(tU) MANAGER, EDUCATIONAL BOOK 
DEPOT, Nagpur, 

CO., Bombay. 

A complete list of the publicatioiis of the Imperial Departmenti^ of 
Agriculture in India can be obtained on application ftrom the 
Agricultural Adviser to the Government of India, Pusa, Bihar, or 
from any of the above-mentioned Agents. 


(1) THACKER, SPINK k CO., Caloutta. 

(2) W. NEWMAN k CO., Calcutta. 

(J») Rai M. C. HARKAR BAHADUR k 
SONS, Cauhjtta. 

(4) HIGGINBOTHAMS, LTD., Madkah, 
(6) THOMPSON A CO.* Madrah. 

(6) D. B. TARAPOREVALA, SONS & 


These publicatioiiH are 

1. The AgriouUural Jow'nal of ltuiia» A Journal dealinf^ with siibjectH uoiinected with 
anrioiiltiirai econoniioe, held and jiarden crops, economic plants and fruits* soils, manures, 
methods of cultivation, irri$ration, climatic conditions* insect pests, fiinRiis diseases, 
co-operative credit* aRriciiltiii*al cattle, farm implements, and other airriciiitiiral matters 
in India. Illnstrations* incliniinf; coloured plates, form a prominent feature of the Journal. 
It is edited by the Afrriciiltnral Adviser to the Government of India* and is issued onoe 
every two months or six times a year. Annual Subsoription^ Rs. 6 or 9f. 6d., includinc 
postafiA. Single copy* R. 1-8 or 2a. 

2. Scientific Reports of the Agricultural Research Institute, Pusa. 

3. Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of Agriculture in India : 

(a) Botanical Series. 

(b) Chemical Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa. 

8. Indigo Publications. 

9. Books. 

The following are the publications of the last two years 

Scientific Reports of the Agricultural Research Institute and College, Pusa* (including the 
Report of the Imperial Cotton Specialist), for the year 1918-19. Price, R. 14 or 2t. 

Scientific Reports of the Agricultural Research Institute* Pusa (including the Report of the 
Seoretsrj, Sugar Bureau), for the year 1919-20. Price, R. 1. 



AGKICtLTilKAL PtJBUCATIONS-((»ft«{ii.) 

Report on the Proffren of A|?rioiiltiire in Indie for the year 1918-19. Pi iooi U. 1-8 or 2s, 

Review of Agricultural Operations in India. 1919-20. Price, K. 1-4 

Proceeding! of the Board of Agricultnre in India, held at Pusa on the Ist December, 1919, and 
following days (with Appendices). Price, As. 12 or It. 3<i. 

Proceedings of the Third Meeting of Mycological Workers in India, held at Pusa on the 
7th February, 1921, and following days. Price, As. 11. 

Frooeedings of the Second Meeting of Agricultural Chemists and Bacteriologists, held at 
Pusa on 7th February, 1921, and following days. Price, As. 10. 

Proceedings of the Third Rntomologioal Meeting, held at Pusa in February, 1919. Price, 
Rs. 17-8. 

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA 


BOTANICAL SERIES 

Vol. X, No. IV. A Pythium Disease of Ginger, Tobacco and Papaya, by L. S. Bubkama- 
HI AM. Pi ice, R. 1-8 or 2t. 6d. 

Vol. X, No. V. Studies in the Pollination of Indian Crops, I, by A. Howard, O.I.E., M.A., 
Gahkikllk L. C. How'ard, M.A., and Abduu Rahman Kuan. Price, 
R. 1-4 or 2t. 8d. 

Vol. X, No. VI. “ Ktimpta ** Cotton and its Improvement, by G. L. Kottur, B.Ag. 
Price, R. 1-12 or 3t. 

Vol. XI, No. I. Some Aspects of tho Indigo Indiistry in Bihar. Part I. The Wilt 
Disease of Indigo. Part 11. The factors underlying the seed produc- 
tion and growth of Java Indigo, by Albkht Howard, C.I.K., M.A., and 
Gabriklle L. C. Howard, m.a., with the assistance of Chowduary 
Uamdhan SiNOH and MaulviAbduk Rahman Khan. Price. R. 1-2 or 2«. 

Vol. XI, No. II. Studies in Diseases of the Jute Plant. (1) Diplodia Corchori^ Syd., by 
F. J. F. Shaw, d.sc., a.k.u.b., K.I..8. Price, Rs. 2 or 2r. 8d. 

Vol. XI. No. 111. Morphology and Parasitism of Aorothstrium Pennissti n. sp. (A new 
Disease of Penuisetum typhouleum), by Manoranjan Mitra, M.8C. 
Price, R. 1-4 or 2s, 

Vol. XI, No, IV. Studies in Gujarat Cottons, Part 1, by Maganlal L. Patbl, B.Ag. 
{In the press.) 

Vol. XI, No. V. Die-back of Chillies {Capsicum spp.) in Bihar, by Jehangir Fardunji 
Dastoh, m,8c. Price, R. I or Is. 4d. 

Vol. XI| No. VI. The Influence of Atmospheric Conditions upon tho Geiinination of Indian 
Barley, by W. Yodnoman, b.hc. (/n the press,) 


CHEMICAL SERIES 

Vol. V, No V. The Phosphate Hoquiremeiits of some Lowur Burma Paddy Soils, by 
F. J. Wahth, m.bc., b.bo., and Maung Po Shin. Price, R. 1-12 or 3«. 3d. 

Vol. V, No. VI. Absorption of Lime by Soils, by F. J. Warth, m.bc.. B.bc., and Maung 
Po Saw. Price, R. 1-2 or 2s, 

Vol. V, Nos. VII The Gases of Swamp Rice Soils, V —A Methane-uxidising Bacterium 
A VIII. from Rice Soils, by P. A. Suhkahmanya Ayyak, b.a. ; and The 
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SOME COMMON INDIAN BIRDS. 

No. 12. THE INDIAN WHITE-KYK {ZOST/JROPS PALPEHIiOHA). 

MY 

T. BAINBRIOOK FLETCHER, R.N.. F.L.S., F.K.S., F.Z.S.. 

Jinjerwl Entomolnffixt ; 

AN© 

C. M. INGLIS, M.B.O.U., F.E.S., F.Z.S. 

All of tlie Linls with which we have dealt in our previous 
papers have been not only common, but also conspicuous species, 
probably well-known to all who live in India. The subject of our 
present note, however, although sufficiently common in all localities 
in the Plains, is decidedly not a conspicuous bird and is easily 
passed over unnoticed. 

The White-eye is a small bird, two-thirds only of the size of the 
common sparrow, in colour greenish-golden yellow, greyish-white 
below, with a bright yellow chin and throat and a patch of yellow 
beneath the tail ; aroimd the eye is a ring of wliite feathers, wlience 
this bird derives its popular English name ; on this account it is also 
sometimes called the Spectacle Bird. It seems to have no verna- 
cular Indian name. This white eye-ring is distinctive and readily 
permits the identification of its owner as a member of this group, 
which was classed in the Faum volume on Birds in a sub-family 
connecting the Babblers and the Thrushes but which is* now placed 
as a separate family, the Zosteropidee. Five forms of White-eye 
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are recognized in the Fauna volume on Birds, but it seems probable 
that some of these are merely geographical races of the common 
Indian species. 

All the White-eyes- are small birds, which go about in flocks, 
frequenting trees and bushes, whose leaves they search for small 
insects, varying their food at times with small buds, seeds ami 
fruits. Like most other birds which associate in small parties, they 
keep up a constant call one to another, their call being best des- 
cribed as a cheeping twitter. 

The food of the White-eye consists of a mixed diet of insects 
and vegetable matter. Of sixteen birds examined at I’usa by the 
late C. W. Mason, elev'cn contained small buds, seeds and wild fig 
fruits, and five contaified insect food, c-onsistirig mostly of weevils 
and ants. One bird, examined by Mr. d’Abreu at Nagpur, had 
bel'U feeding on berries of Zizyphus cenoplia. The White-eye has 
also been recoided us damaging ripe mangoes and guavas, and 
will eat plantains when in (captivity. In spite of a decided taste for 
ripe fruit, however, this bird cannot be called a pest of fruit-trees 
and probably does a considerable amount of good by picking off 
small insects througliout the year. 

The White-e}'(i occurs thi'oughout the whole of India, both in 
the Plains and in the Hills, in Ceylon and the Nicobais, and in 
Upper Burma. It breeds, accorduig to locality, from January to 
September, but tlic beginning of the hot weather is its normal 
breeding season in most localities, and at thet lime the rock bird 
sings a sweet little song. In North Biltar it breeds from April to 
July, the earliest nest having been found oy 1st April and the latest 
on 23rd July. With the exception of one nest found in a jak taee, 
all the nesfs found have been in mango trees. Sometimes there 
arc two broods in the year. The nest is suspended between two 
twigs or more rarely in a fork of a brunch, at any elevation from 
less than a foot to sixty feet from the ground, but the majority build 
at comparatively low elevations, between two and six feet from 
the ground. It varies much in size and in the materials of which 
it is compo|ed but is always a soft, delicate little cup, sometimes 
quite , shallow, sometimes decidedly deep, and almost always .is 
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suspended like a miniature Oriole’s nest, from small twigs or leaves. 
The parent birds set to work with cobwebs and first tie together 
two or three leafy twigs, to which they intend to attac^h their nest, 
and then use any available fine fibrous material (such as vegetable 
fibres, fine roots, thread, floss silk or cobwebs) to complete the 
outer fabric of their very beautiful and compact nest. As the work 
progresses, more fibres and cobwebs are used, so that the nest might 
die taken by a casual observer for an accidental accumulation of 
rubbish caught in a spiders-wcb. The interior is lined with silky 
seed-down, hair, feathers, moss, fine grass, etc., according to the 
materials available. The external diameter of the nest is about 
2l to S inches and the depth varies from one to two inches, the 
egg-cavity being about 1.1 inches in diamctci. Two eggs are laid 
as a rule, occasionally t hree and very rarely four. The egg is rather 
long and pointed at the smaller end, about 16 mm. long by 12 mm. 
broad, in colour uniformly very pale blue or greenish blue, without 
any markings ; but occasionally the <!gg is capped with a zojie of 
rather deeper and purer blue. 

Our Plate gives an excellent idea of this bird and of its nest as 
built in the folk of a branch of a mango tree. 

An interesting account of the feeding of the young is given by 
B. B. Osmaston, who says that he ol*served one of the parent birds 
place rather a large insect into the wide; open mout.h of one of the 
young which in sjiite of many efforts appeared to be unable to 
swallow it ; the other paient., which was watching operations from 
above, seemed to grasp the situation at once, for he (or she) bent 
down and put a small drop of licpiid into tlic widely gaping mouth ; 
the process of giving small drops of liquid was repeated in front of 
the observer quite four or five times, and he was so (dose that there 
could be no mistake ; eventually the insect became soft and more 
manageable and the little bird’s efforts were crowned ivith siuatess. 

The Indian White-eye is commonly seen in the Calcutta bird 
market at Tiretta Bazaar and is easily kept in confinement on a 
diet of bread and milk, soft fniit and small insects, and is well worth 
keeping. • 
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(Formerly Mycologitt to ths Oovamment of Central Province)!) 

« ANt> 

D. V. BAL, L. kv... 

Bacteriological Aesiatant, Department of Agriculture, Central Provinces. 

, CuLTiVATOKS of cotton in the Central Provinces are accustomed 
to find a larger or smaller number of plants withe I’ing untimely in 
their cotton fields every year. As the conditions of soil and weather 
are otherwise favourable for the growth of the cotton plant, this 
untimely death of some plants is rightly suspected, to be due to 
some disease, and the prominent symptom of drooping of leaves 
associated with it gives it the name “ wilt.” 

This withering of cotton plants may be due to two distinct 
causes : an insect (stem-borer, Sphenoptefa yossypii) and a fungus. 
The insect-caused wilt is easily distinguished from the fungus - 
caused one by the ease with which the insect-attacked plants can be 
pulled up and also by the swelling at the root and tunnels which the 
insect produces. The fungus-caused wilt, on the other hand, is 
distinguished by a blackish or brownish discoloration of the woody 
tissues which is easily visible on peeling ofl: the bark of the root. 
There is no swelling on the tap-root, which is also otherwise intact. 


* P»pet reAd the Eighth lodiaa Soionoe Congress, Calcntla, 1921. 

( , 
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The withering in the case of the insect attack, again, is sudden and 
occurs over the whole plant at once. In the case of the fungus attack, 
the wilting is usually, though not invariably, gradual, spreading 
over the different parts of the plant one after another. 

The fungus-caused wilt alone will be considered in this paper. 

The damage due to cotton wilt. 

Estimates of the damage due to the fungus-caused wilt are 
likely to be exaggerated owing to the possibility of borer-attacked 
plants being counted among “ wilted ” plants in the field. On the 
Nagpur Agricultural C(jllcge Farm ibis year (1920), for example, 
among several hundred plants uprooted as “ wilted ” plants, the 
gx'eat majority proved on closer examination to be attacked by the 
borer. Even allowing for this possibility of exaggeration, there 
is reason to believe that the damage due to the fungus-caused 
wilt is appreciable, especially in the Berars, and is on the increase, 
as would be seen from the following estimates made from time 
to time by officers of the Central Provinces Department of 
Agriculture : — 


Year 

1 

1 Locality 

K.stimated damage from ' 
wilt 

Remarks 

1907* 

1908* 

1911-12^ j 

Sooner tract, Nagpur 
District. 

Akola 

Yeotmal District 

Nearly 5 |h.t crrit. 

30 per cent, over an area 
of 80 acres 

33 

Aveiage of 5 villages. 

f» 

Amraoti „ 

25 ,, 

.. .. 4 „ 


Akola „ 

18 „ ' 

• t M 3 ,, 


Buldana 

10 

,, „ 1 village only. 

J919 

Elliehpur „ 

Kandlv 

47 ,, jii roscum ' 

aiivl gao- 
rnni cottons | . 
15 in lishnoor ■ 

typo j 1 

' i 

EHlimalcrt made by the 
Apicultural Assistant, 

Akola, and figures kindly 
siipi>lied by the Deputy 
Director of Agriculture, 
Western Circle. 


‘ Evans, G. Jonr. India, v.jl. Ill, 78-80, 1S)08, 

* Butler, E. J. Mem. Dept* Agri. India, vol. II, no. 9, p. 20. 

* Clouston, D. Bep* Agri. Stat. Akola, 1911-12, Appe. dix C. These records are particularly 
leliable, the metjjiod followed being to count the number of diseased x^ic^dls in a 100 and 
uprooting and submitting them for microscopic examination to the Imperial Mycologist. 
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Cultivators also recognize that the disease is on the iherease, 
and many of them state that they can remember the spots in their 
fields where they observed the disease for the first time and from 
which they have noticed it to spread to other parts of the fields in 
subsequent years. 

The investigation of the wilt disease, therefore, is of practical 
importance in the f^entral Provinces, particularly for the Berars. 


Summary of previous work on the wilt disease. 

The wilt diseasf^ of cotton attracted the attention of investiga- 
tors in America as early as the last decade of the last century, and a 
con8idera])le amount, of literature has accumulated on this subject in 
that country. None of the American literature, with the exception 
of Erwin F. Smith’s paper “ On the Wilt disease of Cotton, Water- 
melon and Cowpea ” puldishedin 1899, was unfortunately available 
to us in the original. 

The previous work in the Central Provinces on this disease 
luvs been confine<i to observations in the field and pot-cultures 
on the susceptibility and immunity of different varieties of cotton. 
These have resulted in the discovery that indigenous varieties 
are far more susceptible to the disease than foreign or imported 
ones.^ No work on the causal fungus had, however, been done. 
Nor is it certain that any of the material of cotton wilt which 
was under study in the laboratory of the Imperial Mycologist 
between 1916-1919 at Pusa was obtained from the Central 
Provinces. The Pusa work has apparently been left incomplete, 
and with the exception of a few notes published in the annual 
reports of the Agricultural Research Institute, Pusa, the results 
are not available. It was neisessary, therefore, to make a fresh 
start when one of us took charge of the newly created post of 
Mycologist to the Government of Central Provinces and was 
asked to undertake the investigation of this disease. 


ClouHton, Di Ib. 
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The results of American and Indian work previously done on 
the cotton wilt fungus may be briefly stated as follows - 

It has been proved that Fmarium vasinfeetum Atk. is the cause 
of the American cotton wilt. It was at first believed that the Indian 
cotton Avilt fungu.« was identical with the Amerii an one, but the 
work done at Pusa showed that Ihe Fusarium associated with the 
cotton wilt in India is markedly diflereut fi’omthe American species. 
No description or ideutification of the Indian fungus has, however, 
been published so far. Both Americf^ n and Indi an experiences with 
Fusarium wilt diseases agree about the impracticability of devising 
any direct remedial or preventive measures against them, and the 
only hope in dealing with them is the possibility of discovering 
immune or resistant varieties. The Americans have already found 
suitable resistant varieties, lii India, previous observers have 
noted great differences in suscepti bilily to the disease in the various 
cottons and the huri has been ff)und to behave as innnune in the 
Central provinces. 

The scope oe the ppvEsent work. 

'J'he absence of a mycological laboratory at t.hc Agricultural 
Research Institute. Nagpur, during the time the work recorded in 
this paper was carried out, together with the possibility of the work 
being interrupted or having to change hands owing to the impend- 
ing transfer of one of us from the Central Provinces, imposed certain 
limitations on the scope of the work undertaken, d'he ])rovious 
work on this disease in Aiiierica and India had moreover shown its 
agreement in essential particulars as regards the mode of infection 
and maimer of spread iit the field with other Fusarium wilt 
diseases previously investigat-eil in different countries, and it 
seemed unlikely that any fui1>hcr information of practical use in 
dealing wdth the disease would be obtained by repeating these 
observations. It seemed best, in the circumstances mentioned, to 
restrict, the work to a few points connected with the causal fungus 
and the conditions of the soil and host which encourage or 
retard its^ growth. It w^as also necessary to test by actual 
inoculations with the fungus the reputcul immunity nf huri cotton. 
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the previous experiments^ on this subject having been carried 
out by using soil from wilted fields in pot-cultures. If the 
immunity was established, the nature of the immimity had also 
to be investigated. 

It is hoped that a record of the observations made would serve 
to indicate the lines on which future work on this disease would be 
(;arried on most profitably. 

The cotton wilt fungus. 

« 

Examination of wilted cotton plants collected by the Economic 
Botanist during the previous year (1919) showed a mycelium bearing 
the Cephalosparinm type of spores and characteristic chlamydos- 
pores and occupying many of the vessels. Not wishing to wait until 
the parasite coidd be isolated from freshly attacked plants (for the 
attack in the fi«dd generally becomes apparent in September and 
October) we used the previous year’s material to isolate the parasite 
from. This was easily done by cutting little bits of roots in which 
the presence of the fungus had been ascertained, peeling off the 
bark, t washing thoroughly with water and 0’2per cent, solution of 
mercuric perchloride and finishing with dipping in alcohol for a few 
seconds and burning off the alcohol and dropping the bits of 
roots on slants of agar medium B*. The fungus was killed in 
some cases by this treatment, but bacteria were sucoessfully kept 
out. 

The fungus in a couple of days grew up to the surface and 
could then be sub-cultured. Fresh material of wilt became available 
in abundance later on in July in the Agricultural Chemist’s pot- 
cidtures for study of the effect of various soil-treatments on the 
totton wilt. In addition to this, a Fusarium sp. was isolated from 
wilt-soil from Akola and cultures were also obtained from the pink 
incrustation of Fusanum spore-beds developed on the surface of 
wilted plants in the pot-cultures. 


^ 1 ). Jb, 

* Dotaild of tlio media used io tliia work will bo fouud iu tbc A]>peodix (p.6]6^. 
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We had thus four strains of Fttsarium obtained from different 
sources which will be referred to as I, 11, flf and IV, respectively, 
as below : — 

I. Fungus obtained from wilted cotton plant collecto.! on 

the Nagpur Agricultural College Farm in 1919. 

II. Fungus obtained from Avilted plants in the pot-culture 

experiments of the Agricultural Chemist, Nagpur. 

The soil in these pots came from Akola. 

III. Fungus isolated from soil from Akola. 

IV. Fungus obtained fiom pink incriujtation*of Fusarium 

spore-beds developed on the surface of wilted plants 

in the Agricultural Chemist’s pot-cultures. 

In the absence of literature and material for comparison, 
no attempt was made to identify or name the strains, l)ut it was 
found that strains I, 11 and 111 could be easily distinguished froln 
one another by their cultural characters, while strain 1 V seemed to 
be identical with 11. 

Inoculation experiments were carried out with these strains. 


Itufculation experinietUs, 


I’ut 

iVu. 


Vaiirty j Date tif 
uf plaut .sowing 


i>ate of 
iuouuht* 
tioii 


Strain j Mu. ol 
of I plantrt 
fungus I in pot 
• usutl at stall 

I 1 


Mo. of lira! Ilfs 
(hit; t(» wilt i 
with dates j 

I . I 


ilc iiiarkb, 
or 

luetliod of 
inociiiatioiij etc. 


Exfciu.mkst I. 


1 




llobcum 

2iMi-20 

1 :!-7-20 


11 

ilosouin 

If 

•• 

t . 

0 

Buri 

” 

II 

1 

»» 

r» 


• 1 





[ on , Contriits of ii cul- 

1 on i turo tube wen’ 

' broken u]» in 

'2 water and mixed 

with the soil in 
the neighbour- 
hood of the 
plants. 

I on S-211 Strain 1 was re- 
1 on .*{1 -8 20 rove red hi all 

J on 20 the three of the 

I f>ii IS- 0-20 . dead plants from 

whirh reisula- 
4 ! lion of the fun- 

I'gus was made. 

Moiii' Three jjots of 
I foseum and two 

of buri wliiob 
served as control 
I for ezperiinenta 

and 2 remained 
i disease-free. 
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Inooulaiion experimenU — contd. 


Pot Variety 
No. of plant 


otram ^ jjo. of deathR 

inooula- in pot t due to wilt 

tion at i with dates 


Remarks, or 
method of 
inoculation, etc. 


Expebimekt 2 . 


4 I Kosoum 


5 Buri 


29-G-20 1 2(K7-20 I 111 


Method of inocula- 
tion same as in 
experiment 1. 


Experiment 3. 


0 I Rosenm 


7 Buri 


8 f Hoseiim 


9 Bun 


»' 

11 

5 

” 


r> 

Experiment 4. 

22.7*20 

1 

1 

1 

II 

r» 

1 

1 

1 

I 

: 1 

1 1 

! 1 

Ti 

j 

Experiment />. 


1 on 22-8-29 Strain II was reco- 
vered from the 
dead plant. 

None 0>ntml« remained 
disease -free. 


In three of the 
plants ill eaeh 
}K)t the fongtiB 
was introduced 
into a puncture 
made with a 
sterile needle in 
the j>art of the 
Htoin ill coiiiacti 
with the HoiL 
On 12th August. 
1920, a few root- 
lels of the inoou- 
iaied jjlants were 
cut and the 
fungus placed in 
contact with 
them and covered 
up with soil. 


10 

Rosen m 

.0-8-20 0-8-20 H 

8 None 

11 

#» 

*f •« If 

10 

12 

Buri 

•t It ft 

9 

13 

»• 

If 

8 

14 

Tut 

If If ** 

4 


{Cnjanv^ 




tnd^cits) 



}(i 

»» 

ft ff fi 

4 

J(1 

Oiam 

t) ff II 

10 

17 

1* 

Oontrojs, 

M If If 1 

ft 

10 

18 

one pot 

■ 

t 

19 

of eaoh 



20 

variety of 


j 

21 

the plantfl 


i 


above. 

■ 

i 


A Kiisjiension of the 
fungus ill water 
was jjut into the 
ground along 
with each H(*<*d 
and hits of cul- 
tures were also 
mixed iij» witli 
the soil. 
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1 noGulMiou experiments — concld. 






! 

No. of 1 


Vot 

N.).' 

Variety 
of plant 

Date of 
Mowing 

Date of 
inocula* 
tion 1 

Strain 

of 

fungiiM 1 

plantH Na ofdeathH 
in |K)t due to wilt, 

at with datcH 

KemaikH, or 
method of 
inoculation, etc. 




I 

used ! 

start 



Expebiment fi. 


22 

Kosoum 

27-8-20 

27-8-20 

IV ; 

1 « 

None 

Method of inocn la 
tion same as in 
cxp<‘n merit 5. 

23 

. »» 

I* - 

ft 

t* 

0 


24 

Buri 

ft 

»» 


r> 

.f 


2r» 

t* 

If 

>♦ 

ft 





Experiment 7. 


20 

Rosetim 

M j 

1. 

1 1 1 

.. 

27 

If 

- 

If 

,f ‘ i 

ft 

28 

Btiri 

»» 


ft ‘‘1 



Experiment 8. 


20 

Rosen m 

f» 

II 

1U 

4 

30 

ff 

•t 

II 

- i 

5 1 

f • 

1 

31 

Bnri 


11 

1* 

0 


32 

Rose uni 

M 




3 


33 

fV 

If 


Controls 



II 

34 


11 


' for cxp(^- 







riinenlH 

1 ! 



35 

Buri 

11 


(i. 7 Vfe S 

1 

1 

0 

- 





!_ 

' ’ 



'riin w)il in aII Uie potji in tin* abnvp cxporimonts was HtriTliml in tin* autnelavf at 
J20°(?. for 3(^ The pots woro thoroiijjhly washed and dried in the siin before 

tilling. The sewls wore disinfected with ()’2 i)er cent, mercury perchloride solution. 


Remarks on the inoculation experiments. 

'Phe only positive results obtaiuefl were where sirains T and IT 
were used, and as the fungus isolated froin the dead plants was 
identical with the strain used as inoculum, it may he concluded 
that we have come across two strains of Fusarium capable of 
attacking the cotton plant as a parasite. The negative results 
obtained in the other experiments with these strains are to be 
attributed perhaps to the time at which the inoculations were made, 
the season having advanced by that time. The virulence of these 
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strains as parasites would also appear to be not very marked, and 
this experience agrees with that at Pusa where also it seemed pro* 
bable “ that the Indian disease is decidedly less virulent than that 
in the United States.”^ At the same time it should be mentioned 
here that the strain II, which had been undoubtedly living in the 
soil in the pots of the Agricultural Chemist’s experiments for three 
years, behaved as a virulent parasite on the rosmm variety, killing 
all the plants grown in many of the pots. It seems possible from 
this observation that the fungus loses its virulence as a parasite 
when cultivate on artificial media. 

The negative results in inoculation experiments do not prove 
anything and these experiments must be repeated in any future 
work on this disease, particularly with the strain IV which, in 
cultural characters, is indistinguishable from strain II and which 
was derived from Fusarium spores developed on the surface of plants 
which had undoubtedly died of the fungus. 

Two STRAINS OP THE COTTON WILT FUNGUS. 

The two strains of the cotton wilt parasite, the parasitism 
of which was established, may now be briefly described. 

Plate XXXIII illustrates the various spore forms and mycelial 
characters occurring in the two strains. In size, shape and variety 
of spore forms all of which occurred on media B and D, and in the 
general course of the life-history, these two strains are perfectly 
similar to each other. The difference conies in when the formation 
of sclerotium-like bodies occurs, and then these and the sclerotial crust 
at the base of the agar-slant are distinctly coloured dark-blue or 
bluish-green in strain I, while in strain II they remain whitish or 
at best pale brown (Plate XXXIV, fig. 1). These differences were 
constant in cultures of the two strains on media B and D and suggested 
comparison wdth the coloured and colourless sclerotia of strains of 
Botrytis cinerea described by Brierley®. Further cbservations on 


) Butler, £. J. Bepl. Agri lies. Insl., Pusa, 191344, i>. 55. 

* Bricrley, \V. B. On a form of Boiiytis cinerea with colourless sclerotia. Phil. Trans. Boy. 
iioe. of London^ Ser. IS. voL 210, p])* 83-114. 
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cultures on different media, however, point to the possibility of 
strain II being induced to develop a blue or purple colour in its 
sclerotia under certain conditions and also to the inhibitive effect 
which certain cultural conditions seem to exercise, on the capacity 
for colour production in strain I. Strain I, for example, generally 
failed to develop colour on medium F, and strain II invariably 
developed a blue or purple colour in its sclerotia on medium G. 
As it is intended to pursue the interesting line of investigation 
suggested by these observations and as the technical description of 
the strains has to be deferred until favourabl^op’portunities for 
comparison with other form.s become available, we merely record 
the occurrence of these two strains. 

No kind of spores have been seen to develop either in or on these 
sclerotial bodies, but the fact that they invariably show a cavity 
enclosed by a pseudo-parenchymatous wall suggests that they lire 
probably of the nature of pycnidia or perithecia (Plate XXXIV, fig. 3). 
They may be formed separately or may be grouped together in 
numbers, particularly in strain I. The size of a single one of these, 
bodies may be roughly stated as that of a pin-head, but the groups 
are variable in size and may reach that of a mustaixl seed or even 
a pea. 

It should be added that the colour-producing strain was obtained 
in one only of the several isolations of the cotton wilt parasites 
obtained directly from wilted plants which were collected from 
various localities, viz., Nagpur, Akola and Ellichpur. 

Strain II, indeed, seems to be the common form of the parasite 
and strain I the exceptional one. It is interesting in this connection 
to mention that the fungus which one of us obtained in 1912 
from wilted cottoilxplants from Dhulia in the Bombay Presidency 
agreed in characters with our strain II. The sclerotial bodies, 
coloured or colourless, have not been so far observed on or in the 
cotton plant. 

Studt op the cotton wilt punous in cultures. 

Our further studies were confined to strains I and 11 whose parasit- 
ism had bden established in the inoculation experiments. The 
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question of the identification of these strains having to be deferred 
for the reasons stated above, we have not followed the usual 
procedure of growing the strains on standard media. The media 
used in our cultures were designed to ascertain the response of the 
fungus to the chief manurial constituents K,0, N and PfO,,. and 
to the plant juices from the susceptible roseum variety and the 
immune buri variety. From the information obtained on these 
points it was hoped some light would be thrown on the possibility 
of dealing with the fungus by manurial treatment of the soil 
and also on ’th^ nature of the susceptibility or resistance to 
the disease of different varieties. A common belief among 
cultivators and even trained observers that heavy manuring, 
especially with cattle dung and urine-earth, encourages the wilt 
disease, had also to be tested and explained, if true. If different 
plant juices made any difference to the fungus as regards its 
growth, and if this difference could he traced to a difference in 
the composition of the plant juice, we shoukl be in a position to 
.class varieties as resistant or susceptible much more readily than at 
present. 

'The following culture-media were aci;oriliugJy prepared : — 

Medium U cuuiuitiitig Jv^O -J- 

K K.,0 + l>,0, 

„ F K...O + N 

O N 1- IV), 

fhe growtJi on these metlia showerl marked differtuices 
(Plate XXXIV, figs. ] and 2), the best being that on th>i complete 
medium, the next beilt that on F, while that on E and (« was 
very poor. The fungus being a soil-dweller, the observation that 
it is sensitive to the important manurial constituents suggested the 
possibility of continued treatment with artifi(;ial manures for a 
number of years altering the manurial composition of the soil 
materially so as to encourage or retard the growth of the wilt 
fungus. We were fortunate in having on the Nagpur Agricultural 
College Farm permanent manurial plots under c<»tton, each of 
which had received a certain manurial treatment continuously for 
the last 10' years, and the idea occurred to utilise the soil 
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scxlutions from these plots as culture tuedia. The following media 
were accordingly prepared : — 

Medium M from plot i*ccciving sutler, nitrate and i)otaHli. 

I. N „ „ super and nitrate. 

>» t» tt pot>ash and nitrate. 

» „ 8ui)er and iJotask 

Wo were rather disappointed with tlic results of the attempt 
to grow the fungus strains on these media. There was very poor 
growth on every one of these media and the^ungus in eveiy 
(lase seemed quite starved and rppef"ed to try to npv« itself by the 
formation of chlamydospores. It was suspected that this was due 
to the absence of organic substances iji the soil solution, and for 
this reason, as well as to test the truth of the prevalent belief that 
manuring with urine-earth and cattle dung cnciouraged wilt attack, 
another trial was made to grow the fungus on soil solution obtained 
from a plot on tin; Nagjnir Agricultural College Farm which 
had received heavy dntssings of cattle dung, til (Sesatnum) cake 
and urine-earth for two years previously. Here also, the growth 
was very poor and showed no advantage over tin* other soil solutions 
previously used. ^Hiese experiments are, tJjerefore, so far inconclu- 
sive. It is possible that the poor growth of the fungus may be 
explained by the fact that the soil solutions experimented with had 
been obtoined from the plots at nearly the end of the season when 
the crops growing on these might prestimably have exhausted the 
principal manurial requirements. It might also be that the soil 
solutions, obtained in the way they were, did not contain enough 
organic substances for the fungus, and such nutrient substances as 
wej-e present were Soon used up by the fungus and could not be 
replenished owing to the absence of the biochemical reactions ordi- 
narily going on in the ^oil. Further observations on the growth 
of the fungus on soil Solutions are, therefore, necessary. 

In order to see how far the composition of the plant juice derived 
from the host plant could explain the susceptibility or resistance 
of a variety of cotton, media J, Ji and Iv, Kj containing bvri and 
foseuM juices, respectively, were used. In addition, partially 
sterilized hitri and roseum stems were also dropped oh plain (with 
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no nutrient substances) agar-slants and used to grow the fungus on. 
The fungus grew equally Avell in all the tubes of the plant juices and 
penetrated freely into both the roseum and huri stems. The 
composition of the juices in the host plant, therefore, seems to 
offer no clue to the nature of I’esistance or susceptibility. 


M’hk cause of the wiltino. 

Another poiyt which occurred to us as requiring study was 
the exact caps^ of the wilting of cotton plants attacked by the 
fungus. Is it merely mechanical, the blocking up of the vessels by 
the fungus as suggested by E. E. Smith^ and commonly believed, 
or might it be due to the secretion of any toxins, as was proved by 
Hutchinson* in the case of the bacterial wilt of tobacco ? Ordinary 
microscopic examination of sections of wilted plants enabled one to 
trace the fungus to within three inches of the top of a dead plant, 
and more elaborately prepared sections might perhaps show the 
fungus still further up, especially >rith the aid of stains. But 
although every section showed some of its vessels occupied by the 
fungus, it at the same time ahowe<l a much larger number which 
seemed quite empty, and the 8u.spioion arose that the mechanical 
blocking up of the vessels was not so complete as to account foi- 
the wilting efiect and that in addition to robbing its host of food 
and water the fungus possibly also secreted some toxins which 
brought about the death. To ascertain this the following experi- 
ment was done. 

Strain I was inoculated into two tubes of medium L (Peptone 
bouillon). One of these intended to serve as control was sterilized 
after the tiddition of the inoculum. The fungus was allowed to 
grow for 20 days. 96 per cent, alcohol was then added to the liquid 
in the two tubes, and the precipitate obtained in each case was 
washexl on filter paper three times mth alcohol and then dissolved 
in sterile distilled water. . The two solutions obtained were then 


1 Smith, E. F. On tlic Wilt Discaao of Water-melon BuUi No, 11, U, 8, Dtfi* Jgfu, 
Division of Vegeinlh Physiokgy and Pathology. 

* Hutchineon, C. M« Menu Dept, Agri, Ind.^ Bad, 8er^ voU 1, no. 2, 1013* 
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fed to two roseum plants in pots iii the way described by 
Hutchinson.^ No wilting was observed in either plant even after 
three weeks, although all the solution fed to the plants was 
certainly absorbed. Experiment-s with larger quantities of the 
supposed toxins and with younger plants than in our experiment 
(our ijlants w'ere three and a half uionths old) seem to us necessary 
to settle this point. 

T FUNGUS, 
dwellers and can 

live in the absence of the host jdant in tlie soil. 'J’hat the cotton 
wilt fungus is no exception to the rule is seen from the pot-culture 
experiments carried out between 1010 12 by Mr. Clouston^ then 
Deputy Director of Agriculture, (Jentral Provinces, and again from 
those carried out by the Agriiailtural Chemist, Nagpur, betaveen 
1916-19. In botl) these series of experiments it became obvious 
that soil from a wilted area cmild produce the disease in cotton 
plants grown in it. Experience in the field corroborates that in* 
pot-cultures, and in many places stune fields have come to be 
notorious as wilt-areas. It seemed obvious, therefore, that the 
only feasible methods of dealing with the wilt di.sease were (1) some 
form of soil treatment which w'ould either kill the fungus oj- which 
woidd render the soil an unsuitable medium for the fungus to live 
in and (2) the groAving of immune v^arieties. 


Methods of dealing avith tp .-i; cotton 
Fusaria causing wilt diseases of (;rops arc soil- 


SOIL TREATMENT. 

During the last three years, the Agricultural Chemist, Nagpur, 
has carried out a series of pot-culture experiments to test the efficacy 
of different soil treatments against the cotton Avilt, and although 
some of these are still in progress, we have been kindly alloAved by 
that officer to include here the following summary of the results 
obtained from these experiments. 

“ At the suggestion of Dr. Butler, sulphuric acid, copper sulphate 
and super were tried in 1918 and 1919 as fungicides against cotton . 






• IfutcliinHon, C. M. /6. 
^ClouBton, D. 
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wilt in pot-culture&. As these chemicals were found to have abso 
lately no effect, the experiment was discontinued. 

“ A second set of experiments was started in 1918 and repeated 
in 1919 wherein wilt soil subjected to partial sterilization was 
used for pot-cultures. The treatment given to wilt soil was as 
follows : — 

(1) soil heated in Ateani for 3 hours. 

(2) do.^ to 100 C. dry heat for 3 hoars. 

(3) dp^ 85 0. do. 

' /■ 

(4) do. 05 C. .do. r ' 

“ The results obtained from the last 2 years’ pot-culture work 
seem to indicate that heating the soil has some effect, but as the 
results were not conclusive, the experiment is being continued this 
year.” 

It would appear from the above that steribzation of the soil, if 
it could be practicable on a large scale, would be one of the methods 
of dealing with the fungus. But apart from the doubtful practi- 
cability of such sterilization on a large scale, it must be remembered 
that the degree of sterilization which would be necessary to kill out 
the fungus would also kill all the useful micro-organisms of the soil 
and would render it infertile. In this connection we may state our 
experience with our cultures of cotton in completely sterilized soil 
for inoculation experiments. The seedlings which grew Jiorraally 
as long as they drew nourishment from the parent seed soon showed 
symptoms of starvation and looked very unthrifty. The addition 
of a dose of sodium nitrate immediately enabled the plants to pick up. 
]*late XXXIV, fig. 4 shows the marked difference in growth between 
j)lant8 in sterilized and imsterilized soils. Since, liowever, even the 
partial steribzation of the soil may be expected to reduce the chances 
of infection, the experiments with burning cotton-stalks on wilted 
fields which have been carried on by the Deputy Director of Agri- 
culture, Western Circle, Central Provinces, since 1919, are of great 
interest. The first year’s results, as we have been informed by the 
officer just mentioned, have given distinct indications in favour of 
this practical method of sterilization, but the experiments must be 
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carried on for several years before any definite conclusions can be 
drawn from them. 

As regards manurial treatment of the soil against the cotton 
wilt fungus, our experience with cultures of the fnngus makes us 
very doubtful as to the success of such treatment. It would seem, 
on the contrary, that any treatment of the soil which would supply 
the cotton plant with all its manurial requirements would at the 
same time give the wilt fungus a favourable re^lium to giow in. 
The very poor growth of the brngus on soil-soluti)l|Ls obtained from 
the permanent manurial plots manured continuously with artificial 
manures for a number of years would have been an observation of 
some practical value if the growth of the fungus on soil-solution 
obtained from the plot manured heavily with cake, farmyard 
manure and urine-earth had been any better. Further study 
of cultures of the fungus on soil-solutions obtained from the 
plots imme/1 lately after the manure is added to them, and not at 
the end of the season as iii our exjieriments, may throw some more 
light on the comparative effect of natural and artificial manures on' 
the incidence of the wilt. . • 

There is no indication so far that the cotton wilt is a “ defi- 
ciency " disease, i.e., a disease which occurs on the host plant when 
it suffers from malnutrition owing to the deficiency in the soil of 
some important manurial constituent. Our observations on this 
])oint are, liowever, limited, being confined to the behaviour of the 
cotton plants growing on the permanent manurial plots on the 
Nagpur Agricultural College Farm, which have been so arranged 
that while in some all the manurial constituents are supplied, in 
others one or more of them are omitted, and this treatment has 
continued for the past 10 years. No appreciable difference in the 
incidence of wilt on these plots was noticed this season. Further 
observations on this point continueil for several years are, however, 
necessary, before a definite statement can be made. 

Immune varieties. 

There semains the consideration of immune varieties as the 
hope against the cotton wilt. Here the prospect appears more 
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cheerful. All the observers that have preceded us agree that most 
of the foreign or imported varieties are markedly resistant. One 
of these — the hurt cotton — ^has been particularly closely watched 
since 1908, and has proved remarkably resistant, almost immune. 

In Mr. Clouston’s pot’culture experiments alluded to already, 
not a single case of wilt occurred in the huri plants grown in wilt-soils 
in pots, whereas the majority of the jari and bani plants which had 
been grown for comparison succumbed to the disease. This experi- 
ence was repeat^, in the Agricultural Chemist’s pot-culture experi- 
ments. No death from wilt of a huri plant occurred in these, 
although roseum plants which were grown in exactly similar 
conditions died in large numbers. In order to further convince 
ourselves as to the immunity of huri and also to test the heritable 
nature of the resistance .of individual roseum plants surviving in a 
badly wilted field, we performed the following experiment. 

Eight pots were selected from the Agricultural Chemist’s experi- 
ments in which all the roseum plants had died from wilt within two 
months from sowing, thus showing the presence of the parasite in 
them in a very virulent form. Seeds of cotton were planted in these 
as detailed below : — 


No. 

l>ato of 
sowing 

No. of 
seed.s 
sown 

1 

Description of seed j 

j 

No, of 
deaths 
from wilt 

43* 

1 

1 

4-8-20 

ft 

i 

Seeds from a * rotftum 
plant perfectly free 
from Mdlt in a badly 
infected wilt plot. 

ft 

47* I 

>» 

ft 

From another roftcum 
plant as above. 

ft 

42* 

1* 1 

ft 

Seeds from a roMp-nm I 
plant which showed ' 
wilt at an advanced 
age and ultimately 
died from it. 

ft 

44* 

ft 

7 

Seeds from the disease- 
free part of a i)artially 
wilted plant. 

7 

41 

ft 

0 

Roseum 

5 

4d 

*1 

0 

Burl 

None 

4ft 

ft 

0 

»» 

ft 

45 

It 

0 

tt 

ft 


ilemarkH 


Tlie seeds wore 
washed in 0*2 per 
cent, solution of 
mercury perchlo- 
ride previous to 
sowing. All seeds 
sown gei mi Dated, 


* Seeds for these pots were supplied 1^ Mr. D, G. Sawazgaonkar, Agz^ctdtozal Assistaiitf 
Akola Farm. 
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While this experiment shows that a plant which has stood free 
from the disease in the field in the midst of wilted plants does not 
necessarily give rise to disease-resistant offspring, at the same 
time it confirms the remarkable resistance of huri cotton previously 
noted by other observers. In our direct inoculations with the 
fungus, not a single death occurred among the hiri plants. The 
failure of the rains during this season (1920) over the greater part 
of the Berars rendered it impossible for us |o make any useful 
observations in the field on the behaviour o^various kinds of 
cotton towards the wilt, the crop having dried up *in many cases 
owing to the drought. An observation made on the Akola farm 
in the beginning of November 1920, may, however, be recorded 
here for what it is worth. Some twenty plants of huri, which appeared 
to have died j)rematurely owing to some disease, were examined. 
Tlio great majority of them showed insect attack at the roOts 
and only tw-^o of them showed a mycelium in the vessels. On this 
being isolated, it proved to be a Ftisarium in one case and a fungus 
with dark coloured mycelium and sclerotia and spores in the other. , 
The Fmarium differed but slightly from .strain II in cultural charac- 
ters, but the proof of its parasitism must be deferred till anolher 
season. The behaviour of the huri plants in the experiments under 
control and the occurrence of an altogether different fungus in one 
of the two specimens from which the fungus was isolated makes 
it more probable that the Fmarium obtained from the huri 
plant in question entered it rather as a saprophyte than as a 
parasite, and we are therefore justified in concluding that huri 
is indeed very resistant, if not absolutely immune, to wilt. 
Further observations which will have to be continued over several 
years would no doubt discover resistance to wilt disease in 
other types of cotton, and material would thus be obtained for 
the plant-breeder to develop suitable types of cotton from the 
existing ones which would combine resistance to wilt with other 
desirable characters. 

In conclusion, we wish to express our gratitude to Mr. A. 11. ^ 
Padmanabha Aiyer, Offg. Agricultural Chemist, Nagpur, and Mr. 

K. P. Shrivastava, Offg. Economic Botanist, Nagpur, for placing 
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portions of their respective laboratories at our disposal and for 
much assistance during the progress of the work. 


Summary. 

(1) Two strains of a Fmarium sp. have been isolated from 
wilted cotton plants and their causal connections with the wilt 
disease established in inoculation experiments. 

(2) In additicm to the usual Oephalosporium and Fusarium 
type of spores a,mi ohlamydospores, these two strains produce on 
culture media sclerotium or peritheciura-like bodies which enclose a 
cavity within a pseudo-parenchymatous wall. No kind of spores 
have, however, been observed either in or on these bodies. 

(3) The two strains differ from each other only in one 
particular— the colour of the sclerotium-like bodies. Tt is 
dark-blue or bluish-green in one and whitish or pale-brown ui the 
other. 

(4) The behaviour of the two strains on media designed to 
.ascertain their response towards the chief manurial .constituents 
PjOj, N and K,0, and towards the plant jxiices of the susceptible 
roseiim and the resistant buri varieties of cotton, was studied. 

(6) The reputed immunity of the buri cotton was tested and 
confirmed. 

(6) An attempt to ascertain if the wilting of the cotton plant 
was due to any toxins secreted by the fungus gave negative results. 

(7) The feasibility of different suggested methods of dealing 
with the disease in the held is discussed in the light of the obser- 
vations recorded. 

Appendix. 

Details oj tfie adiure-media rejerred to in, the paper. 


Medium B 


Peptone 


Lemco 


NaOl 


Glucose 


Amir 

.^ter 



iU grm 


4 

5 


ft 

»• 


20 

20 


?» 

ft 


1,000 c,c. 


liliLAUTiON 
Alkaline to litmui?< 
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Medium C 


MuSO 

K2HP()4 

KOI 

FeS04 

NaNo, 

Oano sugar 



Water 

. . 20-0 .. 

.. 1.00(K‘.e, 


MgSOj 

. . 0*5 grill. 


Na.,HPU4 

1-0 „ 


kB 

0-5 „ 


F 0 SO 4 

0*01 „ 


NaNO, 

20, 


kSucrose 

. . 20 


NaOl 

o-.> „ 

1 

1 

Agar 

Water 

20*0 „ 

.. 1,000 0 . 0 . 

E i 

Same as 1) 

without Na.jrr 04 

.. y 1 

Same as I) 

without KOI 

a 

Sumo as I) 

without NaNO. 


0*5 grm, 
10 „ 
0*6 „ 
^01 . 
“2-U „ 


lllAOTION 


Bun plants were selected and the* stems and pctiuloH 
were pounded in a porcelain mortar and the juice 
was expressed by a hand mill. It was then filtered 
through washed and sterilized Berkfield filter 
candlc'H into sterilized filter flasks with the aid of 
the filler pump. 4 c.c. of tJie sterile juice was tlien 
added to each test tube containing 8 c.c. of 2 per 
cent, solution of sterile agar a^ 40^- 46^ C. 


Almost Qouirai. 


2 Fuller. 
2 Fuller. 
2 Fuller. 


o J 1 


ft 

ff 

ft 


K 

K 1 
L 


n 


M 


n 

If 


If 

If 


N 

0 

P 

Q 


I Th(‘ agar was then made into slants and these 
were kept for 48 hours. The bIjmiIs thus prepared 
i remained free from any bacterial contamination, and 
j were used for the respective inoculation experi- 
I, ments. 

I The expressed bun juice was directly added to tubes 
I containing 2 per cent, agar S(»lution and sterilized in 
I the autoclave at 120XVfor20 minutes. 

2Same as J except that the juice was from romm plants. 

I Same as J 1 except that the juice was from roseum 
plants. 

Peptone 10 grm. 

Ijomoo 4 ,, 

NaCl 6 
Water 1,000 c.c. 

2 per cent agar solution made in water extract of the i 
soil from plot 1, L series (Agricultural College Farm, 
Nagpur) receiving super, nitrate and potash. The 
water extract was obtain^ by shaking 100 grm. of soil 
with 200 c.c. of water and allowing to stand for 20 
hours and then filtering. 

Same as M except that the soil was from plot 2« L 
series, receiving super and nitrate only. 

Same as M except that the soil was from plot 3, L 
series, receiving potash and nitrate only. 

Same as M except that the soil was used from plot 5, 

L series, receiving super and potash only. 

Same as M excej>t tliat the soil used was from plot 7, 0 I 
series, receiving cattle dung, urine-earth and tU cake. / 


20 Fuller. 


20 Fuller. 

Slightly alkaline to 
litmus. 


Neutral to phe- 
nolphthalein. 



SOME PRELIMINARY EXPERIMENTS WITH JUTE 
IN THE UNITED PROVINCES. 
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{Formerly Deputy Director of Agriculture, Central Circle, United Provinces) 

AND 

R. S. FINLOW, B.So., F.I.C. F.C.S. 

Fil.re Expert to the Cover ununt oj lifngal. 

SoMK small experiments made a few years ago at the instance 
of Mr. R. H. L.. Clarke, then Deputy Commissioner of Bahraich 
District, suggested that jute could be successfully grown in portion 
i)f that district. In the course of a tour made by one of us in early 
1920 in a similar tract in the Ritapur District, separated from 
Bahraich by the river Gogra, it became apparent that this tract, 
locally known as the yanjar, was badly in need of a commercial 
crop ; prospects for jute seemed favourable and arrangements were 
made with the Court of Wards for a series of experiments to test 
the matter fiu^her. 

It may be explained that the area knowm as the yanjar 
extends through considerable portions of the Kheri, Bahraich, and 
Hitapur Districts, and consists largely of the land lying in the angle 
between the Sarda and Gogra rivers and of the low land on either 
bank. The beds of these rivers are broad and ill-defined, numerous 
tributaries and alternative channels intersect the tract between and 
adjoining then^ and there are numerous old beds. As a result, this 
tract is liable to intermittent flooding in the jnonsoon. In 

( 618 ) * 
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fovourable spots rice and h)dx>n (Paspedum scrobicidatum Linn.) 
are grown, but all kharif cultivation is somewhat precarious owing 
to the variable nature of the floods and the varying character of the 
deposits of sand or silt from the river. 

Winter cultivation on the other hand is subject to the action 
of several limiting factors. When the floods recede late or the 
monsoon is prolonged, there is little time for the preparation of 
‘land for rahi crops. On the other hand, elcept on manured 
land near village sites, owing to the light charlbtej of the soil, 
moisture fails in years when no winter rain falls and the crops 
raised are small. 

As one leaves the rivers, moving either east or west, the ganjar 
proper shades into a class of land locally Icnowm as the terai which 
is free from flooding, of admirable texture with a high subsoil water 
level and which produces excellent crops of tobacco, sugarcane 
and maize. The iemi in turn is separated from the high lands 
locally known as uparhar, characteristic of the greater part of the 
Sitapur District, by a distinct banl< running roughly parallel to the 
rivers for a distance of some 150 miles. ^ 

It was decided to grow test plots of jute at various places 
tlu'oughout the ganjar area including the edge of the terai and to 
scatter these in different villages in such a way as to sample the 
tract thoroughly. Arrangements were made with the Special 
Manager, CJourt of W^itrds estates, Mr. W. C. G, Duime, M.B.E., for 
the growing of jute on tenants’ fields in suitable villages of the 
Katesar and Kampur Mathura estates, cultivators being guaranteed 
against loss on the experiment. The Agricultural Department 
provided seed, manure (castor (rake) and demonstrating staff to 
supervise the preparation of the land, sowing, weeding and retting, 
and also undertaking the marketing of the fibre produce^.. 

In the Katesar estate work centred round Shahpur, a large 
village near the right (west) bank of the Chauka, but including 
villages further west on the edge of the terai and further east between 
the Chauka and Sarda. 

In Ram^ur Mathura, experiments were carried "Out in the 
typical ganjar between the two livera and near theii inaction. 
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An agricultural assistant was kindly lent by tbe Government 
of Bengal to assist in the selection of fields for trial plots, as 
also a jute demonstrator who worked throughout the season 
supplemented by a special jute fieldman and another demonstrator 
for stripping and retting. 

In all some 60 experimental plots were arranged, aggregating 
a]>out 12 acres. 

Both capsularis_ and olitorms jute were tried, the seed supplied 
being Dacca puiy line selections ; particular attention, however, 
was paid to hapstdaris jute. 

A certain number of plots failed entirely due to neglect, several 
being grazed by cattle when young owing to the absence of fences. 
In several other cases it was decided when we both inspected the 
plots in August that in view of the scanty germination it would be 
better to allow these to stand for seed instead of cutting them 
for fibre production. The results from certain other plots were 
uncertain owing to difficulties in inspection, but definite results were 
^ obtained from fifteen plots in the Shahpur (Katesar) area and 
eight plots in the Kampur Mathura estate which are reproduced 
beldw. 


Wilt 

number 


Village 


Positiou 


Yield 
per aero 
(maunds 
of jute) 


Bbmabxs 


Kalesar estate ; capsularis jiUe. 


1 

Amba 

Edge of ttrai 

25 

Sown with 

irrigation and 



> 

irrigated before rains. 

2 


*» f» 

CJ 

Sown with irrigation. 

3 

HaKariporc 

i» *» 




4 


»» If 

121 ) 

it 

-s 

f) 

Shahpur 

ff it 

13J 

a 

if 

a 

iSliikhuapore 

Edge of ganjar 

1.31 

• 

... 

1 

^ Kuseppa 

Typical ganjar 

2i> 

March Sown 

. Kodon land. 

8 

»» 

.... 

20 

April Sown 


0 

« »» 

.... 

I 1 

Weeding neglected. 

1 
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Yield 


Plf.t 

number 

Villaffo 

PoHiU.., (mMnS RiuiAaKS 

of juto) 



Katesar estate ; capsularis jute. 


10. i 

Kusoppa 

.... 4 J Pre|)aratioii caj’oleKs, 

well, “ stand ” thin. 

grew 

]i 

Daheli 

f Edge of river, Wecf^ing neglected. 

[ sandy. 


12 

I 

Saniuclidih 

; Typical ganjar 2i) Olitor^^ ju^c. 

i (traris-Ohauka) ^ 


r.\ j 

Shabpur Khiml 

Edge f>f terai 10 


14 

M (> 

Hi 


15 

' „ Kl>jv> 

Gi 


Rampur Mathmt 

i estate ; capsularis jute ; ho irrigation. 


10 

1 Harilmrpur 

T.vi>icftl ganjar j 17i | .... 


J7 

18 

llamnipur 

I 11 ^ 

1 Stand iirepilar. 

12 ll 



J9 

20 i BaitualiKifc* 

21 j 

liampur Mathura estate ; olitoriusy^tis ; tw Irry/ution. 

22 Nifiorwttl .. l.>5 

23 „ .. KiJ 

Ou the whole, more information was gained from a detailed 
inspection of a number of experimental plots in August than from 
the actual yields. 

In the terai, jute to bo successfully grown requires irrigation 
and, as maize grows well in average years without irrigation, it is 
doubtful if jute would be an economic success since the labour of 
irrigating from Small shallow wells is considerable. On the actual 
fringe of the river also jute failed owing to the excessive proportion 
of sand in the soil. But on the typical kodon land in the real ganjar 
area, where no Many crop of importance can be grown owing to 
the uncertainty of the degree of flooding, jute grew extremely well 
with no irrigation wherever reasonable care was given to the crop 
m its early stages. 
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Through the courtesy of Messrs. Sinclair Murray and Co. and 
of Messrs. George Henderson and Co., a detailed broker’s report of 
the Shahpur jute was secured. 

The preliminary examination in January 1921 gave the 
following results 

Bale No. 3. Length good, no root, colour very good, strength 
good, good spinning quality, practically 
“ fours ” (4’s) quality on account of light 
cuttings. Good balers’ (export) jute. Value 
Hs. 15 per maund. 

Bale No. 7. ^Shorter and colour not so good, no root, strength 
good, good spinning quality, averaging 
“ 5’8.” Value Its. 11 per maund. 

Bale No. 13. Not so good, length medium though longer 
than No. 7, more root, better colour, some 
runners (middle bark) average about 
“ S’s.” Value 11s. 10 per maund. 

Bale No. 12. Length good, fairly heavy root, oversteeped 

I and weak in places, colour poor. Value 

11s. 12 per maund. 

Bale No. 7 was jute grown with irrigation at the Cawnpore farm. 
Bale No. 12 mixed sample of oUtorius from Shahpur, Bale No, 3 
part of the Saraodidih jute from Shahpur. 

Finally, an “ overhead ” price of lls. 12 per maund was paid for 
this jute which is satisfactory considering that Bengal jute varied 
from Rs. 4 to lls. 20 per maund at that time, low qualities being 
almost unsaleable. 

Through the kindness of Messrs. George Henderson and Co. 
the jute was fuither examined, sorted and spun in Hieir South 
Barnagore Mill, and their detailed report being of exceptional 
interest is reproduced in full : — 

Report on jute grown in the United Provinces. 

“ With reference to the 13 bales of jute giown in the United 
Provmces and forwarded to our mills for valuation purposes, we beg 
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to give below a short report on the quality of this jute from the 
manufacturing point of view. 


“ The bales were marked and weighed as follows 

~ 




Md. 

Sr. 

1 Bale, 

Al, 

Sitapur Distriofc, capsularia jute. Gross . . 

2 

12 

6 Bales, 

A2, 

Ditto 

22 

10 

2 „ 

B. 

Ditto 

9 

12 

1 ifale, 

c. 

Ditto 

3 

10 

1 „ 

D, 

Cawnpore farm, capaularis 

3 

6 

1 ,» 

E. 

Sitapur, oUiorius .i 

3 

32 

1 „ 

F. 

Cawnpore farm, olitoriun ,, A 

3 

16 





30 


“ The bales marked Al, A2, B, C, and D contained a fairly 
high coloured jute and in selection we obtained the following : — 



Md. 

. Sr. 


Suitable for hessian warp 

.. 28 

9 

00 

,, ,, ,, weft 

.. 12 

34 

29 

,, ,, saoking warp .. 

3 

10 

6 

.. .. weft 

.. 2 

20 

5 


46 

39 



the balance of weight representing the packsheet and iron hoops. 

“The hessian warp and weft jute was sufficient to enable u^ to 
run same over a system of our machinery, and we enclose herewith 
samples in triplicate of the following which we were able to manu- 
facture : — 


48 

lb. 

Rove yarn. 

56 

»» 

tf 

72 

9* 

9 9 99 

9 

tt 

ITessian warp yarn 

12 

*t 

,» weft „ 

40 

„ ] 2 oz. 

Hessian cloth. 


“ In connection with the manufacture of the above, the Mill 
Manager writes as follows : — 

“ ‘ The jute was found to be very bard and of a crisp * and wiry 
nature. It would not be advisable to use same alone, but as a hard 
jute could be mixed through the batch in small quantities. If 
used by itself, the wear and tear to the machinery would be consider- 
ably increassd owing to the hardness of the fibre. The rove produced 
was very regular, too hard, and very hairy.’ 


* a BeaBonal effect due to drought. [B. 0, B.] 
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“ The rove referred to here is that from which the waip and 
weft yams were made and should not be confused with the samples 
of rove yam sent herewith, which were made on a special ‘ spinning 
roving machine. ’ 

“ You will observe from the samples enclosed the hairy appear- 
ance of the threads. The samples of cloth were passed through a 
cropping machine and were also heavily calendered, but this has 
not had any appreciable cjffect on the appeaiance of the cloth. 

“ Summed vJ>, the jute is a considerable improvement on the 
‘ Meshta ’ quality received in the past from the United Provinces, 
and while ‘ Meshta ’ peculiarities are apparent in the jute under 
review, still we think it could be marketed in Calcutta at a price the 
equivalent of a good x 4* and only suitable for mixing purposes, 

“ Regarding the 11 bales which were subsequently received 
from the Rampur Mathura estate, details as per letter No. 3.356, 
dated 10th .January, 1921, from the Deputy Director of Agriculture, 
C'awnpore, to you, the le.ss said about the quality the 10 bales 
■ marked A, R, (!, and D contained the better. The jute was 
• hamh, very badly retted and entirely unsuitable for manufacture. 
The bale marked E containing jute grown on the (■awnpore farm 
from olitoriiis seed was, however, different, the fibre being regular, 
clean and of Tossa appearance, yielding about 60 per cent, sacking 
warp.” 

As a result of tlie unsatisfactory report on the Rampur Mathura 
estate jute, enquiries were made and it was found that considerable 
difficulty had been experienced in the supervision of the retting. 
This estate is difficult of access, particularly during the monsoon, 
communications were bad and the local demonstrating staff and the 
cultivators suffered somewhat severely from malaria. Retting 
demonstration clearly left much to be desired. 

With reference both to the yields and to the quality of the jute, 
it may be pointed out that the season v as unusually unfavourable 
to juto. Monsoon rainfall ceased abruptly at the beginning of 
. August and this undoubtedly afiected the plant. In fact, it was 

• X Cot “ ctoBB 4’b equivalent to “ 5’s.” Thig qv»)Hy mu mirth from Ba. S 
to B«. IS when the Jute arrived in Caloott*. Prices are now down. 
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somewhat of a surprise to find that it had done so well. The early 
cessation of the rains led to local shortage of water for retting and 
to some shortage of labour owing to rcibi operations starting earlier 
than usual. 

Nevertheless, these experiments have shown that on suitMy 
selected land marketable jute can be profitably grown in this tract. 
Success in introducing the crop will largely depend on whether local 
cultivators can be persuaded to pay sufficient attention to proper 
cultivation and to the retting. These trials arApsed considerable 
local interest and a number of applications for jute seed were 
received from taluqdars and zemindars in the Kheri and Sitapur 
Districts. It was decided, however, to advise applicants to wait 
until experiments had been conducted for another year in the 
Katesar and Rarnpur Mathura estates. 

The writers desire to acknowledge the assistance rendered by 
Mr. Dunne, M.B.E., Special Manager, Court of Wards, Sitapur, 
without whose co-operation and personal interest these experiments 
would have been im|M)Ssible. Also the work of M. Imam Ahmed. * 
Agricultural Inspector, Sitajmr District, who was in immediate 
charge of the demonstrations. 
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BY 

ALBERT HOWARD, C.I.E., M.A , 

Imperial Eeonamic Bot (nut. 

Tht 5 great need in agricultural investigation in the present 
state of our knowledge is a wide outlook. This is particularly 
necessary in the case of the young investigator taking up research 
work in one of the scientific branches of the subject. Several 
factors tend to narrow rather than to widen the general outlook. 
In both the Universities and in the Agricultural Colleges, the curri- 
culum has to be subdivided and the various sciences bearing on 
agriculture have to be presentetl in piecemeal fashion. There are 
so many subjects to be considered and so much instriudion that 
little time is left for spontaneous thought by means of which the 
various fragments can be worked up into a complete picture of the 
subject. The brain of the young graduate is apt' to resemble a 
honeycomb with separate compartments for chemistry, physics, 
botany and so on. When, however, we come to the actual problems 
in agriculture which require investigation, a little consideration 
will show that this division of science into distinct compartments, 
which was so convenient in the class room, no longer meets the case. 
We CAiinot, for example, separate a crop from the soil or consider 
its growth without reference to the seasons, to the supply of water 
and other food materials and to factors like temperature. If we 
follow a wheat crop from sowing time to harvest and consider it in 

• A lecsture delivered at tJie Victoria Institute, Nagpur, on Aug. 1st, 1921. The subject 
has been dealt wi+h in greater detail in a paiwr entitled — The influence of soil factors on dis- 
pas^ resistance — ^published in the Annals of Ap^ied Biology, vol. VII, no. 4* 1921» p. 873. 

( G26 ) ^ 



DISEASE IN PLANTS 


627 


relation to the environment, we perceive at on(;c that the plant 
docs not recognize our divisions of science and that it has no separate 
chemical or botanical existence. There is often a further compli- 
cation. In nearly all cases, the investigator cf economic problems 
has to take into consideration the character and aptitude of the 
cultivator, the means at his disposal and the uses to which the 
crop is put. Thus crop production, regarded as a whole, is an 
• exceedingly complex thing. I venture to suggest tlicrefore that 
the various problems which arise with regard to ciWs should not be 
viewed from too narrow a standpoint and that inith’eir investiga- 
tion, knowledge from as many sides as possible should be brought 
to bear. 

I propose to illustrate the complexity of agricultural problems 
and the necessity of wide loiowledge in their investigation by 
some examples taken from plant diseases. At one period, plant 
diseases were regarded as comparatively simple troubles caused by 
the attack of an insect or a fungus, the obvious remedy for which 
was either the destruction, at the weakest point in its development, 
of the insect or fungus concerned or the prevention of infection. 
Such remedies, however, proved very difficult to apply in the cdso 
of ordinary crops as the labour and expense involved are generally 
greater than the value of the produce to be saved. It is only in 
special cases like hop-cultivation in Great Britain, where large 
sums are spent every year in raising the crop, that systematic pre- 
ventive spraying and powdering are practicable. What is possible 
in such oases could not be recommended in the case of a wheat crop 
in the Central Provinces where the total produce in a good year 
may not exceed eight maunds of grain to the acre. 

Rust in wheat. 

The comparative failure of direct metliods of controlling disease 
attracted attention to the disease resistant variety which, at the 
present time, is a very fashionable remedy particularly against 
wheat rust. As is well known, the unit species of the wheat crop 
differ greatly in rust resistance. By the substitution of the general 
mixed crop by a rust resistant type we can sometimes successfully 

3 
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dodge the disease. If, however, we pursue this matter further we 
find what at first sight appeared to be a solution of a difficulty is 
nothing more than an extension of the problem. It was soon found 
that rust resistance varies according to the locality and to the way 
the crop is grown. It is not a hard and fast character. Thus at 
Pusa, a unit species with a fair degree of resistance when grown (1) 
in flower pots, (2) on heavy land with deep cultivation after the 
rains and (3) oniheavy land without deep cultivation after the 
monsoon shows ^eat differences in the amount of rust. In flower 
pots and after thorough preparation, the rust attack is negligible. 
When sown in land badly prepared, the same variety is sometimes 
destroyed by rust. The amount of damage from the fungus 
appears to increase as the physical texture and aeration of the 
soil fall off. The amount of rust on wheat therefore depends firstly 
oil the kind and secondly on the way the kind is grown. Our 
problem therefore is already ceasing to be a simple one. 

The rust question indeed becomes more complex the further 
we investigate it. In general, rust only becomes epidemic when 
some factor like long continued wet and cloudy weather favours 
infection and at the same time interferes with the normal growth of 
the crop. This, however, sometimes breaks dowm and cases occur 
when an epidemic takes place under conditions which favour neither 
the fungus nor the host. One of these occurred at Pusa in 1907. 
In that year, a large number of species and varieties of wheat were 
grown with the object of discovering a wheat immune to rust for 
breeding purposes. One was found — a variety of einkom or one 
grained wheat. Einkorn grew with greafr luxuriance and vigour and 
entirely escaped the three common rusts at Pusa. As it had not 
flowered by the end of March and was growing vigorously while all 
other wheats were dried up by the heat, it was allowed to grow 
till the early rains in June to see if it would form ears during the 
hot months of April and May. Early in May, a severe epidemic of 
black rust occurred which- lasted till the rains when the plot had 
to be ploughed up. This case is interesting as it was previously 
considered that the high temperatures of April and May were above 
the optimum not only for the wheat crop but also for' the growth of 
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rust and for the germination of the spores. Nevertheless, a variety 
previously considered immune broke down conij)lelcly under these 
conditions. There appears therefore to be no such thing as 
immunity to black rust. The amount of infection seems to depend 
on circumstances. 

Green>fly. 

*The second example of disease T Avish tc consider is that caused 
by the common green-fly. fllns insect disease lis very widespread 
and occurs on a large number of fruit tiees and O'^her plants all over 
the world. The life history is well known. The remedy is a simple 
one — spraying with some wash in which soft soap is one of the chief 
constituents. The spray suffocates the pest. At first sight, this 
appears to complete the subject and there seems nothing more to 
investigate. My experience, however, indicates that this disease is 
by no means so simple as it appears. 

It is generally considered that the only cause of green-fly 
attacks is the insect itself. If this is so, there seems no reason why 
the pest should not spread rapidly in any garclen after its first, 
appearance in the spring. This was by no means the case in tJic 
Quetta fruit experiment station, where this pest has been u/uler 
observation for some yeai's. Frequently trees remained quite free 
from green-fly in the immediate neigh bourhoc>d of others badly 
affected. The disease did not spread as one woidd have ex2)ected. 
This happened year after year. It would appear, therefore, that, 
something else besides the green-fly is necessary for .'•uccessful 
infection to take jilace. The tree must be in a certain condition for 
infection to occur. 

Some light has been thrown on the conditions nccessaxy for 
green-fly attacks as the result of a number of irrigation experiments 
at Quetta. Following American exiierience on certain soils, aji 
attempt was made to store up water in the subsoil during the winter 
and spring for use during the subsequent hot weather, when water 
is very scarce. The experiments were su(^cessful as far the saving 
of summer watering was concerned. AVater was saved but at the 
expense of severe attacks of green-fly. All the pjots without 
exception wliich were watered heavily in the winter were badly 
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attacked by green-fly the next spring. Those which had little or 
no winter irrigation escaped. Heavy winter watering had there- 
fore to be given up. The cessation of this practice was at once 
followed by the recovery of the trees from green-fly attack. 

Among the experiments which have been conducted on this 
Bubject, the following may be quoted : — 

1. Four heavy winter irrigations were applied to three plots 
of peaches and one pf nectarines during the winter of 1 91 5-1 6. In all 
cases, the trees w/re very badly attacked by green-fly during April 
1916, and the attack was much more severe than in the neighbouring 
gardens. Further watering was then stopped and the soil round 
the trees was broken up down to the upper roots. In this way soil 
aeration was restored, and after about a month the new growth 
produced was free from green-fly. The trees then presented a 
rehiarkable appearance. The first formed leaves on each twig 
showed extensive damage by the pest, the late formed leaves on 
the same branch were normal and perfectly healthy. Diseased 

, and normal leaves were on the same branch and the pest did not 
spread. 

2. The above four plots were treated in qmte a different 
manner during the winter of 1916-17. After the summer, only one 
watering was given — on September 30th — and during the winter 
and spring no irrigation water at all was applied. As a result these 
plots were practically free from green-fly, the trees grew vigorously 
and the foliage showed all the characteristic appearances of 
healthy peach trees. These plots stood out in marked contrast 
to many of the trees to be seen in the Civil Station when in 
1917 the ravages of green-fly were far above the average. By 
altering the method of irrigation, susceptible trees at once became 
resistant. 

3. Three lines of almonds (a deep-rooted tree), and a plot 
composed largely of various stocks including plums, almonds and 
peaches, which were clean cultivated in 1916 and which were 
remarkably healthy and quite free from green-fly, were sown with 
Persian clover right up to the stems^in August and September, 1916. 
Several waterings were applied to these trees during the winter and 
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spring. All the almonds, the seedling peaches, and some of the 
plum stocks became badly afiected by green-fly soon after the leaves 
appeared at the end of March, 1917. By May, the attack was 
severe and practically all the young growth was affected. In this 
case, trees free from green-fly in 1916 lost in a single season all their 
immunity as a result of winter watering. 

4. A number of almond and peach trees — grown under a 
system of furrow irrigation by which over- watering is almost 
impossible — were planted in the autumn of 4916 close to one 
of the lines of almonds which was over- watered dftring the winter. 
The object of this was to obtain another demonstration of the 
fact that insects like green- fly arc unable to attack healthy plants. 
The over- watered trees were all affected by the pest which in 
no case spread to tlio plants which had been watered by furrows 
and which liad obtained an abundant supply of air for th5ir 
roots. 

These results, which have been repeated on several occasions 
at Quetta, suggest that the cause of green-fly attacks is not the . 
insect and that the control of the disease must be sought elsewhere 
than in the destruction of the pest. Green-fly does not seem to 
be able to attack a really healthy tree. 

Red rot in sugarcane. 

The last example of a disease involving a parasite 1 wish to 
refer to is the red rot of sugarcane. This is very common in certain 
areas of India, such as the black soil area of the Central Provinces, 
North Bihar and the Godavery delta where soil aeration diffi- 
culties are common. This fungus disease attacks the cane durjng 
the ripening period and leads to a great loss of sugar. Now when 
the varieties of sugarcane grown on the heavy black soils at Sinde- 
wahi were transferred by Dr. Oouston to the open, porous, well- 
aerated hhaia soils at Chandkhuri in the Chhattisgarh Division, two 
remarkable facts were observed. In the first place, the sugarcane 
grew much faster on the poorer hhata than on the much richer black , 
soil and yields of as much as 40 tons of stripped cane to the acre 
Were obtained. In the second place, and this fact is of the greatest 
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interest, there was a remarhahle absence of the red rot fungus. As is 
well known, the texture of black soils like those at Sindewahi is 
easily destroyed during a heavy monsoon. At Chandkhmi, on the 
other hand, a rainfall of 70 inches has no deleterious effect on the 
texture of bhata. On the black soil areas red rot is common, on 
hhata it is rare. These facts leave no doubt that in this 
disease of sugarcane there are other matters to consider besides 
the fungus. » 

Why does tljp natural resistance of the plant to fungi like rust 
and red rot or to>au insect like green-fly break down ? We have seen 
that under certain circumstances at l^usa, einkorn is unaffected by 
rust even when surrounded by plants heavily infected. Sugarcane 
escapes red rot at Chandkhurion the porous, well-aerated bhnia soils. 
In a similar manner some of the almond trees at Quetta resisted 
gieen-fly when separated by only a few feet from trees badly 
attacked. When the conditions of growth in these cases are altered, 
the natural resistance disappear and infection takes place. Why 
, is this ? One possible explanation is the following. Normally 
the protop'asm in tlie gi'een cells of the leaves of healthy varieties 
is strong enough to resist the im'oads of a fungus or of an insect. 
'I’lie healthy plant protects itself. If, however, soil conditions 
alter, then root damage is likely to occur and with this it is not 
diilicult for the acid products of decay to enter the sap ciirrent 
and gradually to lower the resistance of the protoplasm of the 
green cells. A time comes when infection is just possible, then 
when it is easy and finally when it is exceedingly rapid. We 
shall probably get further light on susceptibility, resistance and 
immunity by the detailed investigation of the cell sap during 
the growth of the host plant. At first sight, wheat rust, red rot 
and green-fly seemed very simple questions. Eveji in this brief 
consideration of the subject they have passed into the domain of 
experimental physiology. 

Wilt diseases in Bihar. 

Up to this point three diseases have been considered in 
which either a fungus or an insect is involved. I now pass to 
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a group of wilt diseases met with on the alluvium during the 
second half of the monsoon in which insects and fungi are of 
little or no importance. Several crops are affected of which Java 
indigo, sanai {Crotakiria juncea L.) and ptitwa {Hibiscus cannnbinus 
L.) have been studied in some detail in the Botanical Area at 
Pusa. 

* Java indigo {Indigojem arrecta Hochst,), the species now 
generally cultivated in Bihar, frequently suffeyrs from wilt during 
the late rains. At the beginning of the monsoon, growth is normal 
but in wet years a change takes place about mid-.ruiy*in the character 
of the foliage while the rate of growth slows down. The leaves alter 
in appearance, assume a yellowish green, slaty colour, become reduced 
in size and show extensive longitudinal folding. With this alter- 
ation in the foliage, leaf fall is rapid until only stunted tufts of leaves 
at the ends of the branches remain. In severe cases, this is followed 
l)y the death of the plant, the process taking places slowly, a branch 
at a time. 'J^he external symptoms of wilt suggest extensive 
root damage which is confirmed by exposing the root systen^ 
by means of a knapsack sprayer. Wilted plants are found to 
possess very few fine roots and nodules in an active condition. 
The main taproot and the laterals are alive and normal but 
the fine roots are mostly dead or discoloured and the number 
of absorbing root hairs is exceedingly small. The destruction 
of the active root-system, including the Jiodules, takes place 
from below upwards. When wilt is well established, the absorbing 
roots still alive are all in the upper two. or three inches of soil. 
Evidently some factor is in operation which destroys the fine roots 
in the subsoil and which afterwards affects those towards the 
surface. 

The first thing to do was to dis<;over the factor which inju- 
riously influences root development during the late rains. This was 
soon found. It was nothing more than the interference with the 
general drainage Avhich follows the rise of the subsoil water in July. 
Drainage stops in North Bihar when the rivers have too much 
rain to deal with. The movements of the river levels and the 
general grbund water in this tract are illustrated by the curves 
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Plate XXXV) which represent the state of affairs of the river at 
Pusa and of one of the wells (about a quarter of a mile distant) 
for the years 1910, 1912, 1913 and 1914. These curves are t3q)ical 
of the subsoil water conditions of North Bihar during the rains. 
In years of normal rainfall, when the rivers and the ground water 
remain at a high level for some weeks, indigo wilt is the rule. On 
the other hand, if the level of the wells remains low and if the rain- 
fall is moderate, the amount of wilt is negligible. There is a 
distinct connection between the occurrence of wilt and the position 
of the ground v.ater level, or in other words between wilt and 
drainage. If we examine the matter in greater detail, we find this 
connection is exceedingly close. In 1919, a year when the rainfall 
was below the average and the movement of the ground water was 
slight, the relation of wilt t^) drainage was, nevertheless, quite 
distinct. In that year, wilt was almost negligible and only made 
its appearance at Pusa on two occasions, between July 23rd 
and August 7th and again between September Ist and 23rd. A 
reference to Plato XXX VI will show that these attacks followed 
a rise of the ground water <!ombined with heavy rain. They 
passed off wfieu the ground water fell and drainage was resumed. 
These results suggested that wilt is due to bad drainage rather 
than to a deficiency in available phosphate as has been suggested. 
To settle the point definitely, a series of experiments was carried 
out in lysinieters, one thousandth part of an acre in area and 
about 4' (P high. These are really large square flow'er pots either 
cemented or made of porous bricks with drainage openings at 
the base which can be opened or closed at will. Two kinds of 
soil were used in these experiments, Pusa soil which is said 
to be low in available phosphate and similar alluvial soil from 
Kalianpur near Cawnporc which is exceedingly rich in available 
phosphate. When analysed by the ordinary method, Kalianpur 
soil contains about 300 times more available phosphate than Pusa 
soil. Indigo was grown in several series of these lysimeters in both 
kinds of soil. Now these large flower pots are above the ground 
level and are provided with drainage openings which are quite inde- 
pendent of the general drainage of the country. Any factors due 
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to the rise of the ground water cannot therefore operate. We can 
however imitate the general soil conditions by closing the openings 
and by allowing the lysimeters to waterlog from below. The 
results obtained in these experiments are significant. They can 
be shortly summed up as follows : — 

(а) In both Pusa and Kalianpur soil, the indigo in the lysi- 
meiJera with free drainage escaped wilt altogether. 

(б) When the drainage openings were closed and water-logging 
from below took place, all the plants ii* both kinds of soil were wilted. 

(c) The amount of wilt in the Kalianpur soil ^ricli in available 
phosphate) was much worse than in Pusa soil (low in available 
phosphate). 

{d) The growth m Kalianpur soil was much slower than in 
Pusa soil. 

These results suggest that there is nothing wrong with the 
Pusa soil as such during the second half of the monsoon if drainage 
is provided. The amount of available phosphate has nothing to 
do with wilt. They, however, strengthen the view that the factor 
responsible for the disease is the rise of subsoil water and the 
prevention of drainage. This has been confirmed by a large amtPunt 
of work carried out on the root-system of Java indigo under various 
conditions the results of which are published in one of the recent 
Pusa Memoirs (Botanical Series, vol. XJ, no. 1, 1920). The 
details are too long and too complex for this lecture. The really 
interesting point in this investigation is that the cause of the wilt 
disease was found after a study of the movements of the level of the 
river and of the wells and of the relation between the altered soil 
factors so produced and root development. 

Of equal interest is the wilt of patwa {Hibisem cannahimts L.) 
known in the Central Provinces as ambari. The details closely 
follow those already described in the case of Java indigo. The 
severity of wilt in this crop was found to vary with the type of plant. 
Those with deep root-systems were badly afiected, those with the 
iater&ls near the surface sufiered much less. The root-system of a 
shallow and deep rooting type arc shown in Fig. 1. Side by side a 
closely rela'ted species of Hibiscus — H. Sabdariffa or Kosellc — was 
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found to escape wilt altogether at Pusa even in the wettest years. 
Its immunity to wilt appears to be largely due to the character of 



Fig, 1. Karly (left) and late (right) types of root-systems in H, eannnbinus. 

. its root-system which is exceedingly supcriicial compared with that of 
ambari (Fig 2). 



. Fig. 2. The root-system of Bibiteut Sabdariffa (left) and H, cannabinua (right). 


I have referred to these cases of wilt in order to show how 
important it is in studying disease to ascertain the general facts of 
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root development and particularly those of susceptible and resistant 
varieties. Ordinarily we only see half the crop — the portion above 
the ground — and pay far too little attention to the root-system and 
to its relation with the soil. We are too much inclined to draw 
conclusions from what can be seen of the crop above the ground 
and to take no pains to ascertain what is happening down below. 
We* should condemn a judge who gave a verdict after hearing only 
a portion of the evidence. We often accept results of experiments 
on crops and on crop diseases equally imperfect. The remedy is 
obviously a wider outlook in rescarcii. 1 suggest that our knowledge 
of disease will be advanced by investigation in two directions: (1) 
[)y the detailed examination of the root-system of varieties and the 
relation of the roots to soil factors like water supply and aeration 
and (2) by the examination of the cell sap of susceptible, resistant 
and immune varieties of crops throughout the period of their growth. 
8uch investigations are ceitain to extend our knowledge and might 
easily influence practice. 

Tliis leads me to a larger question — the paramount necessity 
of basing all agricultural improvements on a deep and wide study 
of the question or, in other words, on the work of research, ^'he 
public in India comes in contact with the Agricultural Department 
through its organization in the districts where it receives improved 
seed, new crops, better implements and practical instruction in 
their use. In many respects the organization of agricultural work 
in the districts in India is in advance of anything to be found in 
other parts of the Empire. In this result both the Agricultural 
Department and the Government of this Province have played an 
important part. This success in organization must however not 
blind us to the fact that all this assistance to the cultivator depends 
on much patient research in the fields and laboratories of the Experi- 
mental Stations. There are two sides to the work — research and 
organization. We must never forget that research is essential in 
providing a constant flow' of practical results for the benefit of the 
people. 



AN OUTBREAK OF ANTHRAX AT HISSAR. 


BY 

R. BRANFORD, M.R.C.V.S., 

S^iperiniendent, Government Ca'l'.e Farm. Hissar. 


My excuse for this note is the fact that since the Civil Veterinary 
Department took over charge of the Government Cattle Farm, 
Hi&sar, on 1st April, 1899, no case of anthrax was diagnosed tiU 
1920. 

On the farm, as a routine procedure, all animals which die 
.undergo post-mortem examination. Rare exceptions to this rule 
are : — 

1. Animals which die on the grazing grounds, and are eaten 

by jackals, etc., before discovery. 

2. Animals which die in the hot weather at a distance from 

head-quarters, and become too putrid for examination 
before it can bo made. 

' As a rule, however, post-mortems are made, and as a rule the 
cause of death is ascertained. Occasionally post-mortems am made 
by inexperienced veterinary assistants, but the probability of failure 
to diagnose a case of anthrax on such occasions is ruled out by the 
fact that the post-mortem man himself, who has had great expe- 
rience, is, as 1 found out as soon as this outbreak began, perfectly 
acquainted with the post-mortem features of the disease. 

In fact, in face of the actual outbreak, it was obvious that 
although an isolated case might have occurred without its being 
diagnosed, nothing in the shape of an outbreak can possibly ^ve 
ocemTed since 1899. An outbreak must have been detected. 

f 

Records of disease on this farm prior to 1899 are Mauty, and 
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generally not available. However, I gathered from old members of 
the staff that a very severe outbreek occurred in 1895. Some 
300 cows are said then to have died of "ihe disease, mostly at Sully, 
which is situated in the hir some five miles from Hisear and 
consists of a group of eight lines for cows. 

The outbreak in 1920 was also mainly confined to cows at 
Sully, although the first few cases detected died in the home farm 
•at Hissar. The first was a cow which died on the 1st of Octol)er, 
1920. I did not then connect the disef se with Sully at all, but the 
cow had been sent in from Sully, owing to her beijig* heavy in calf, 
a few days before she died. The next cAses were two ewe lambs : 
one died on the 18th and the other on the 20th November, 
Presumably they were infected from the above cow ; neither had 
ever been within four miles of Sully. 

The next case was a cow which died on the 29th of Novembe,r ; 
she also had been sent in from Sully to calve, and had been in the 
homo farm a few days only. During December and January, 
22 more cows died of the disease : 17 at Sully and 5 in the home 
farm, the home farm cases all being recent arrivals from Sully.' 
On January 20th, 350 cows with calves at heel were moved imtfia. 
Sully to lines at Stables about half a mile from the home farm. 
Four of these cows died of anthrax after removal : one on the 22nd, 
one on the 27th and two on the 30th January. 1 think they were all 
infected at Sully. A curious point in connection with the disease 
at Sully was that it was confined to one side of the lines. The lines 
are situated as in the diagram below ; — 


COWB 

No. 4 


Cows 

No. 5 

Cows 

No. 3 


Bulls 
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Cows with 
i calves 
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The cases at Sully were confined to cows in Nos. 1, 2, 3 and 4. 
The cases at Stables, however, were in cows which came from lines 
Nos. 7 and 8. A bull in No. 6 which had been running at night with 
cows in No. 2 became ill on December 16th, probably from anthrax. 
He recovered 

Measures taken to control the outbreak. 

As is the custom on the farm in cases of contagious disease, the 
first few cases were burnt. Burning large carcases, however, in 
my experience is difficult to carry out properly, and uses up a 
great deal of fuel of which there is always a shoi-tago here. As 
the outbreak developed, carcases were buried in a disused dry 
well. The well was about 60 feet deep. 

The places where the bodies of dead cows were foimd were 
spread over with dry fuel and burnt. All possible precautions were 
taken as regards disinfecting discharges from natural orifices, etc. 
In the home farm disinfecting operations, etc., were carried out under 
adequate supervision and appear to have been successful. No 
an'nal, except the two sheep mentioned above as probably infected 
from the first case, became infected there. 

As the outbreak developed, herds of cows in which a case of 
anthrax occurred were next day inoculated with serum supplied by 
the Muktesar laboratory. The scrum appeared to protect well for 
three weeks or so. However, several cases occurred in inoculated 
animals a month or more after inoculation and one or two herds 
were re-inoculated. 


Source of infection. 

I was never definitely able to trace the source. There are a 
number of highways through the farm grazing grounds. The most 
frequented one passes through 8ully. There were unusually large 
movements of outside cattle’ through these roads in September and 
Octolsjr owing to the approaching fodder famine. These animals 
"may have impoited the disease although I have no recoid of any 
travelling animal having died in the Ur. This is, however, not 
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definite evidence that none died, as a carcase will be almost com- 
pletely removed by jackals and vultures in an hour or two. 

The fact that both the 1895 and 1920 outbreaks of anthrax 
were in cows and mainly at Sully suggests some c;onncction between 
the two. However, if the 1920 outbreak was staited by spores from 
the 1895 one, it is difficult to account for the absence of outbreaks 
during the interval, cows having been kept at Sully under the same 
conditions all the time. It is true that 1920 was a year of bad 
rains, that the cattle were grazing cLse to the ground, and down 
into holes and depressions, where in ordinary yearskthey do not go ; 
but Hissar is a district where rain failure is common, and fodder 
famines more or less occur every 3 or 4 yearn. 

Virulence. 

Most of the al)ove cases were found dead, no symptoms having 
boon noticed prior to death. In a few cases, however, cows were 
noticed to be off feed and dull so long as 24 hours before death. One 
case, the bull mentioned above, recovered. He was a seven years 
old bull in fat condition. He was off his feed on the 15th, had a 
dry nose, and the appearance of fever, but was chewing his 
On the 16th and 17th he remained off feed, was very constipated, 
and did not chew his cud. He was given 2 lb. of magnesium sulphate 
on the 17th. On the 19th he was markedly worse : his nose was 
very dry, he was sluggish, and disinclined to get up. He was better 
on the 20th, and on the 21st fed well and made a rapid recovery. 
During the five days he was sick, he lost condition very rapidly. 

Cows on this farm are, speaking generally, never handled, 
except a few which are milked. Taking of temperature is therefore 
not an easy matter. They generally have to be lassoed and thrown 
before their temperature can be taken. Hence I was never able to 
take the temperature of the herds in which cases occurred. One 
or two cows which were noticed to be dull however did not die. 
1 suspect a percentage became attacked and recovered, lliere 
were- some 350 calves under their mothere in contact; up to the 
time of writing (27th May, 1921) no calf has died of anthrax. In* 
one case a*smear was taken while a cow was still hlive, the cow 
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dying some 30 minutes after. Autlirax bacilli swarmed in the 
smear. 

Conclusions. 

Serum alone is an unsatisfactory method of dealing with 
anthrax, unless one is able at the same time to discover and destroy 
all possible sources of infection. It is especially unsatisfactory on 
this farm where the majority of the cattle are wild and actively 
resent inoculation and still more re-inoculation. 

Vaccine at present is not issued by the Muktesar laboratory. 
The history of vaccination for anthrax is not very encouraging, but 
it might be worth a trial. 

Desiccation 'and heat do not appear to have much effect on 
the virus. Since 4th August, 1920, to date (27th May, 1921), the 
total rainfall here has been i^,th of an inch and the shade temperature 
has risen to IIS^F. Three more cases of anthrax, however, have 
recently occurred from same Sully herds as before. 

Conditions most likely to cause a cessation of the disease are 
probably sufficient rain to cause enough grass for grazing again. 



POSSIBILITIES OF MTTSHRO'OM INDUSTRY IN 
INDIA. BY CULTIVATION. 


BY 

S. I{. BOSE. M.A., 

Professor of Botany, Cartin'(‘'ia'’l Med'cil Collet, Cf Calcutta. 

Mir,sHROOMS are (common in many places of India. TJi^y 
<^rovv abundantly during tiie rainy season and are eaten by villagers 
of different parts of India. They are sold during the rainy season 
in some local maj'kets of Calcutta, Bankura, Deogbar, I’unjab, 
Kashmir, Burma, etc. In Calcutta, during the rainy Season, there 
is an abundant supply of those from suburbs in the New Marlcet, 
the Bow Bazar and the College Street Markets and “ Natun Bazar,” 
and they command a ready sale. They form a favourite dish with 
certain classes of people here. At present there is no regular culti- 
vation of edible mushrooms in India. They are mere chance 
products of the rainy season. 

I have collected the common edible varieties of Bengal mush- 
rooms. They are mostly Volvaria terastius B. <fe Br., T^epiota 
albuminosa Berk., Lepiota mastoides Fr., Agaricm campestris Linn., 
and some small puff-balls (Gasteromycetes) from Bankura ; the full 
description of Volvaria terastius and Lepiota mastoides I have pub- 
lished with plates in “ The Proceedings of the Science Convention of 
the Indian Association for Cultivation of Science for 1918 ”, pages 
136-137 ; and the description of Lepiota albuminosa (CoUybia aihu- 
minos& Fetch) with plate came out in “ The Journal of the Asiatic 
Society of Bengal,” vol. XVI, no. 8, p. 349. Mr. McRae has 
published a description of Agaricus campestris (Agri. Jour. India, 
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vol. V, pt. ITT, p. 197). The present article embodies the result 
of further enquiries on the subject. 

I have had some of these fungi subjected to chemical analyses 
by Mr. C. B. Roy, Demonstrator of Chemical Physiology afrthe 
Calcutta Medical College, to whom my sincere thanks are due. 
Prom the following table of analysis, it will appear that some of 
them are even superior to the English mushroom {Agaricus cam- 
pestris ) : — 

Local edible varieties. 


< 

1 

Protein 

Oar bo- 
ll yd rates 

Fats 

(other 

extrac- 

tives) 

Ash 

Moisture 

■ 

iVr cent. 

j 

Per cent. 



Volvaria teradtivu 

2-2S 

Trace 

Per cent. 

U-I8 

i 

1 

Analysed in dried condi- 
tion. 

CoUyhia alhnminosa 

Agaticva campeatiis 

12*8 

2-730 

14-8 

1-0 

Trace 

Per cent. 

0-37 

O-IT) 

Analysed in dried condi- 
tion. 

95*2 i)or cent. 

Puff-balls (OaRtcro- 
m y 0 0 t c s from 
Bankura) 

2-2 

1 

1 -30 

1 

0*ri(» 

O-JO 

93-8.5 „ 


English edible mushroom (Agaricus c.ainpestris) according 

to G. Massee. 

: - I 

Agariciis cawT^slris O’lS 0 40 ' 0*03 


American edible mushroom, U. S. Dept. Agri. Bull. No. 79. 

AgaricuHCampestris 2*25 1 4-95 0*20 01 ’30 

Our CoUglna albumiiMsa {IjCpiofa aUmmimsa), which is called 
in local vernacular “ Durga Chhatu " (appearing in Septeraber- 
October, usually during the time of the Durga Puja ceremony), is 
much richer than others. 
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Following Duggar’s method of tissue- culture, I have been 
successful in artificial culture of two of the Agarics, Panwolus 
eyanascenus B. & Br. and Coprinm nimus Fr.. in sterilized dung 
medium. The details of the method have l)een published in “ The 
Proceedings of the Seventh Indian Science Oongress held at Nagpur 
in 1920. ’ This tissue-culture method in sterilized dung medium 
is highly successful in America in the rapid development of the 
mushroom industr}’- in recent years. Following this tissue-culture 
method, artificial culture of these local edible Agarics is now being 
attempted in my laboratory. The results of thd experiments 
will soon be communicated at a later date. My object is to make 
our own spawn, so that the production of mushrooms might become 
a matter of certainty and that in future mushroom growing might 
become a special industry in India as it has been in America since 
1913-14. 

In 1908 there was a thorough and searching enquiry instituted 
by Sir David Brain, Director of the Kew Gardens, London, through 
the Department of Revenue and Agriculture, Government of^ 
India, about the edible mushrooms from all parts of India. It 
attracted his attention as it was used as famine food in diffdPfnt 
parts of India, especially among the poor during the famine of 
1890-97 {Ind. Forester, Feb. 1908, p. 20, Appendix). The results 
of the enquiry' have been embodied in the records of the Indian 
Museum (Economic Botany Section), from which it can be gathered 
that there is a ready market for edible mushroom in Burma, 
Punjab, Kashmir and Afghanistan, provided there is a regular 
cultivation of it. To the Burmans it offers a favourite dish and 
they pay as much as 12 annas for each mushroom. 

The following extract from “ The Lrdian Agriculhjrist,” April 3, 
1886, is not without interest: — “ The delicate appearance of some 
of the edible fungi has from time immemorial tempted man to use 
them as articles of food. As it is always difficult to distinguish the 
poisonous from the edible varieties, the Sastras have enjoined a 
wholesale prohibition of the use of these ephemeral esculents. 
Nevertheless the use of mushrooms as an article of food is as old as 
illanu the lawgiver. It is still used extensively in l£e dry regions 
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of Bengal, and also in the valley of Kashmir. Ihe varieties 


known in Bengal are the following ; — 

1. Phudki-Chhatn (the small and the large). 

*7. 

Kat-Chhatu. 

2. PuwaUChhatu. 

*8. 

Govar-Chhatu. 

3. Kadan-Chhatu. 

9. 

Indu-Clihatu. 

♦4. Durga-Chhatu. 

10. 

Paohan-Chhata. 

5. Urji-Chhatu. 

*11. 

Kondka-Chhatu. 

6. Kud-Kadi*Ohhatu. t 

12 . 

Gundura-Chhatu. 


“ Of these, those which are marked with an asterisk, i.e., 
Nos. 4, 7, 8, and 11, are considered unfit for food. None of the 
abovenamed 1^ /varieties of trufiies and mushrooms are cultivated 
in Bengal. Indeed, the cultivation of these ephemeral vegetable 
growths is unknown. Some, however, attempt to raise a few poor 
specimens of the second variety, Puwal-Chhatu, by allowing waste 
paddy straw to rot in a heap, and depending on chance for the 
gei-mination of these fungi. It is not known to the cultivators of 
Lower Bengal that these esculents may be reproduced by their 
spawns. Of all these varieties, Urji-Chhatu is considered as the 
most delicate in flavour. They are found generally under ant hills 
or dhipis as they are called. In the Banloira and Birbhum Dis- 
tricts, these are collected by the low-caste dwellers of the forest, 
known as Buno, and sold to the villagers in exchange for rice, tobacco 
or salt. A kind of poho is made with these fungi, and I must 
acknowledge that they are not at all inferior to polao made with 
meat. In the Kashmir Valley the gtichha is much used. This 
fungus has the closest resemblance to the truffles of Europe. It is 
sold in the Kashmir shops in a dry state, and older the article the 
greater is its value. The Kashmirians seem to be aware of the fact 
that the objectionable properties of fungi are minimized by 
keeping.” 

Mr., A. Hansen says in “ The Scientific American, ” dated 14th 
April, 1917, p. 370; — “ A broader knowledge and more intimate 
acquaintance with the- mushrooms will do much to solve the hi gh 
cost of living problem. Many millions of these sources of delicious 
foods annually go to waste in our woods and fields because of lack of 
knowledge regarding their utility. The mushrooms are not only 
nourishing buh in addition offer a variety to our daily diet, that is 
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excellent, cheap and satisfying. They could and should be eaten 
far more generally than they are at present. '* 

In these days of scarcity of food and the enormous rise of 
prices of fish and of the rarity of vegetables during the rainy season, 
if the Indian mushrooms can be introduced as a daily article of 
food, it may do something to solve the high cost of living problem 
and mushroom-growing might become a special industry in India. 

Of course for its introduction as a daily article of food amongst 
the common people here, who are very conservative, it requires a 
gocxl deal of propaganda work amongst them. J think the Agri- 
cultural Department of the (lovernmeut of India, with the district 
agricultural demonstration farms at their back, can easily effect it, 
if it is taken up in earnest ; and it cannot be denied that it comes 
within their province, as it will lead to the economic development 
of the country by cultivation. • 



^tlertci g^rticlcs 


“RURAL BIAS IN SECONDARY SCHOOLS* 

* r 

TUB WORK AT SBXEY’S FOUNDATION SCHOOL IN SOMERSET. 


BY 

S. L. BENSUSAN, 

*r 

At first sight there is little remarkable aliout Sexcy’s Founda- 
f ion School. The buildings that compose it are perhaps more than 
onlinarily attractive and certainly the situation is quite out of the 
common.* Sexey’s stands rather high on land overlooked from a 
dsAance by the Quantocks, the Mendips and tlie famous Dunkery 
Beacon. From the upper rooms of the school house one can 
glimpse the islands of the Severn Sea. llie school itself is remote 
from all great centres of life and action, though within touch of 
places ])oasting the most interesting associations. Cheddar is some 
five miles away, Glastonbury, ten. Wells about as far, and the first 
thought that strikes the casual visitor is that those who teach and 
those who are taught must admit that their lines are cast in pleasant 
places. But Sexey's could hardly claim the attention of agricultur- 
ists if it were merely an attractive and well- placed secondary school ; 
the special interest lies in the fact that it is one of the few centres in 
England in which secondary education is associated with what is 
known as a “ rural bias.” 

There are many agriculturists in this country who feel very 
strongly that the development of husbandry would be furthered 
considerably if secondary education took more note of our greatest 

f 

* Reprinted from Jour. Min. Agri, XXVIII no.^2.' 
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national industry. They would like to see children who have a 
natural aptitude for land work encouraged to develop rather than 
forced to suppress it, and they believe that there is no more 
important problem before statesmen to-day than the repopulation of 
rural areas, with the great resultant stimulus to the production t»f 
home-grown food. They feel that while in the old days the training 
that the boy or girl of farmer or farm hibourer rec.(*ived was iulequate 
to the demands that the future woukl make,, the conditions have been 
altered entirely by the developnj#‘ut. of seuentlfic ijivestigation, by 
theadventof machinery, by theatiquisition of precise* knowletlge and 
above all by the pressure of the economic situation. The State has 
recognized that pressure ; it is spending considerable sums of 
money in the quickening of sound production, and consequently 
it is of first importance that there should be an ever-lengfJietiing 
procession through our secondary schools of boys and girls Ivimt 
upon acquiring the special knowledgt; that Avill enable them to take 
advantage of. modern conditiojis. 'Phe Board of Ed ucation is not 
unmindful of the new needs that the past few years have brought 
into being, and while expert opinion thei'c is convinc^ed that, if it is 
to be effective, secondary education must be an all round eduo(*i«on 
and not limited in scope or purpose, yet certain c-oncessions have 
been found possible. Provided that the curriculum of a secmidary 
school embra<;ei! a modern language, souk; sc-ieiu^c; and English, the 
“ niral bias ’’ is recognized and even ejuduraged. The new develoj)- 
ment is at present only in il»s first stage, and Sexey’s is one of four 
secondary schools in which the rural bias ” may be seen in the 
working. Welshjwol Coujity School for boys is a?i(*lher, Ivnaius- 
borough Kural Secondary S<!hool in the We,st Hiding is a third, and 
the Dauntsey Agricultural Stdiool at West Liiviugton in Wilts the 
fourth. In three years at Knaresborough thirty per cent, of the ))oys 
went on to farms, while others took to surveying or garden work or 
emigrated to the Dominions. At Welshpool out of 250 boys more 
than thirty per cent, went on to farm work or b)ok up estate office 
work and surveying. At Sexey’s whem the majoriiy of the pupils are 
associated directly or indirectly with agriculture the proportion that* 
seeks a livii^ from it is lai'ger still. • 
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Sexey’s differs from Knaresborough and Welshpool in so far as 
it is a co-educational school, the boys and girls working in the same 
classrooms to a like end. While it is a secondary school by virtue of 
its four-year course for children who may come in at the age of 
twelve, there is a preparatory side for bo)^ and girls, so that it is 
possible for a child whose training and associations suggest the 
possible development of an Sigricultural bias to start at Sexey’s' and 
receive complete education there. 

The support re(;eived for this farm, which is of course a branch 
of the school alid was a subsequent addition to it, comes from many 
sources. 

The original foundation was the Manor of Blackford, left by 
Hugh Sexey, Auditor to Queen Elizabeth and dames 1, for educa- 
tional and other purposes in the year 1617. Out of funds provided 
by this foundation a school was built, and when the Rev. Jildward 
Smith, who had been Instructor in Agriculture under the Wiltshire 
County Council, was asked to take charge of it, his keen interest in 
farming led him to consider the question of establishing a training 
farm within easy reach. A stone’s throw of the scthool there was a 
siflffH holding of some twenty acres or so, derelict for many years, 
the rich lan<l gone to waste, the little farmhouse boarded up. It 
should be remembered that this was more than twenty years ago 
when agi'iculture was at a very low ebb and even those who farmed 
the rich Somersetshire land were hani pressed to make a living. 
Mr. Smith was of opinion that the possibilities of improvisation if 
grasped by boys and girls who have a natural instinct foi' land work, 
would provide them with a key that would open many a door through 
which, in normal times, only those could hope to pass who are 
plentifully supplied with tlie world’s goods. He acquired the 
derelict holding, and being a skilled practical man with quick eye 
and trained hand, he managed to convert the farmiiouse into a fann 
school at the trifling expense of £150. Those who have any working 
acquaintance with the present cost of adaptation will be astonished 
to realize how much could be done with a very little so recently as 
twenty years ago. The ground floor of the farm has been divided up 
into a dairy, a cheese-making room, a cheese-store^ for ripening and 
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an incubator house. Beyond these there is a workshop, a milking 
byre, a pigs’ kitchen and a cider house. On the upper floor there is a 
delightful little classroom with well equipped agricultural library, 
and there are other rooms for the study of methods of fruit storage 
and for demonstrations in seed ripening and apiary work. Beyond 
the farm there is one outhouse that has been supplied with power 
for Ihe economic handling of every farm product and its adequate 
preparation as food for stock. The mixing floor is concreted and the 
motor is driven by electricity sujiplied from Wedmore a mile or so 
away. There is a cow house and an u])-to-(lak* poyltly station, and 
there are piggeries. 

A special and notable feature of this smc,!! Jarm is that the actual 
work is not done by the pupils. Air. Smith holds very strong views 
on this matter, and is of opinion that it is not rigJit to ask any of his 
boys or girls to do work that should command payment. Yet 
although the total grant-in-aid of the farm school is limited to about 
£200 a year— -a grant from the Boaid of Edm^ation, the regular 
grant to {Secondary Schools, and school fees -the farm maintains 
three men at tlie standard wage and supplies the school, with its 150 
pupils and resident stafl of nearly a dozen people, witli all the fPfSt, 
vegetables, eggs, milk, butter and bacon consmnetl. 

The great difficulty that the school has had to face on its farm 
side is the postponement of the operation of those provisions of the 
Act of 1918 by which parents were compelled to keep their children 
at school until the age of 10. T’he training at fclexey’s being 
thoroughly practical and modern, attempts have been made by parents 
who are working farmers to withdraw'^ their boys and girls before 
tliey have completed their course, because they find that after a 
(iouple of years or less in the farm school they can replace a skilled 
man. 

All', Smith finds as a result of his long experience that in addition 
to giving the main school “ rural bias ” the foundation of the farm 
school serves to provide fitting occupation for those boys and girls on 
whom a purely academic training would be wasted, while affording 
opportunities to those who show a special aptitude and wish to travel 
beyond thd boundaries of ordinary farm wqrk to prepare for an 
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agricultural college. Pupils come from all parts — ^from local elemen- 
tary and private schools, from secondary schools, and in some cases 
from the Continent. Perhaps because Mr. Smith is a very keen 
botanist, botany is the foundation of much of the outdoor practical 
work of the farm, theoretical and practical, before the farm school 
can be reached. 

Naturally all demonstra*tion8 are carried out on a small scale, but 
-it is abundantly clear that effectiveness is not a matter of acreage. 
There is a quarter of an acre of garden land kept under every variety 
of seasonal crdp„80 that the sequence of the market-gardener’s work 
can be followed. There are green-houses ; there are cool and 
heated frames. In addition to delightful orchards there is half an 
acre of fruit garden in which fruit culture is taught in all its branches 
— ^grafting, budding, transplanting and the rest — while owing to the 
ri<Ii soil and the mild climate, transplanting work is carried on under 
conditions that must excite envy anrong those who have learned 
their orcharding on colder and less grateful lands. „ 

The farm work itself embraces nearly all the problems that 
agriculturists must consider. For example, to toke mangold 
cultivation, there is a plot some 110 yds. long and 11 yds. wide 
divided into three strips. One is manured witli superphosphate at 
the rate of 4 cwt. per acre, sulphate of potash J cwt., nitrate of soda 1 
cwt., salt 3 cwt. On the next plot the rates are superphosphate 6 
cwt., sulphate of potash 2 cAvt., nitrate of soda 1 J cwt. On the third 
the rates are: superphosphate 8 cwt., sulphate of potash 1^ cwt., 
nitrate of soda 2 cwt., salt 3 cwt., and beyond these three plots 
there is a little triangular piece on which mangolds are being grown 
without manure. A quarter acre plot of grass land has been divided 
up, all having been dressed with potassic superphosphate at the rate 
of 6 cwt. per acre, while half has received in addition nitrate of soda 
at the rate of 1 cwi;. per acre. The manorial value of each is carefully 
explained and the pupils can compare for themselves the actual 
results obtained. Elsewhere swedes are being grown on plots with 
farmyard manure applied at the rate of 25 tons per acre over the 
whole, while one half has an addition of superphosphate, potash and 
sulphate of ammonia, and the other has superphosphate, potash 
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and nitrate of soda instead. Potatoes are grown under a variety of 
conditions. One plot has farmyard manure at the rate of 1 5 tons to 
the acre and is then divided up, one half receiving an addition of 
superphosphate, potash and sulphate of ammonia, tlie other super- 
phosphate, potash and nitrate of soda, this additional manuring 
being the same as is given to the swedes. In addition to this there is 
anoiJier potato plot divided into five paAs. The first has no manure 
at all ; the second has supeiphosphate ; the third superphosphate 
and potash ; the fourth superphosphate, potash and nitrate of soda ; 
the fifth superphosphate and nitrate of soda but iv> I)ota8h. Here, 
too, the pupils will be able to see for themselves the efle(;t upon the 
yield of crop. The use of machinery and its value on the fann have 
not been forgotten and the necessary attention is given to farm 
book-keeping, farm correspondence and costs. 

The ordinary course in agricultural science is open to boys and 
girls of the school between the ages of 15 and 17 who have reached 
the fifth form or can give evidence of having received public secon- 
dary school education up to the fifth form of the school from v.'hich^ 
they have come. In addition to farm book-keeping based on the 
year’s acicounts of the scliool farm, the course of study includes land 
measurement and surveying, the theory and practice of dairying — 
including laboratory practice, the use of the Gerber tester, the clean 
production of milk, the making of butter and cheese, the feeding and 
care of live ^ck, including the preparation of rations on a scientific 
basis — and the principles of land cultivation and manuring on grass 
land, arable and moor. 

The Somersetshire orchards are unfortunately more remarkable 
for their beauty than for the state of their preservation, and a 
spirited effort' is being made at Sexey’s to teach students the value of 
pruning, spraying and a general clean up of dirty trees. In onler to 
make the lesson memorable, some trees arc cared for and others 
are left alone, so that the comparison is clear and obvious. Cider 
making is also undertaken by pupils, and in the laboratory they 
carry out qualitative analyses of feeding stuffe, manures and milk. 
The principles of drainage and elementary physiology are included in 
the curricultim, and practical demonstrations ip bee-keeping are part 
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of the summer term’s work. The course for girls includes all 
branches of dairy work, book-keeping, correspondence, poultry- 
keeping and a study of foods and feeding, together with practical 
gardening, fruit culture, fruit storage and preservation. Pupils 
have taken county, agricultural scholarships, both senior and 
junior, and some have found high places in agricultural colleges and 
elsewhere. The practical work is associated with frequent lectures 
so that those who learn may understand the principles underlying 
their teaching. 

By reasoil of the Government grant for secondary schools and 
with the aid of the county authorities, the Board of Education and 
Sexey's Eoimda'tion, it is found possible even in tJiese days of high 
prices to charge the parents of boarders no more than £42 a year for 
board, lodging and books. Moreover — and this perhaps is one of the 
most important aspects of the whole undertaking— the terms under 
which the school is conducted provide that 25 per cent, of the 
admissions in any year must be free of charge, and this has a parti- 
cular significance in view of the “ rural bias ” because it means that 
for every hundred pupils who can pay there must be the fixed 
pn)]f)ortion of those who are unable to do so. Here is the chance 
for the child of the agiicultural labourer. It is not sufficient to give 
the agricultural labourer the minimum wage, because it leaves him 
without prospects and he sees no better future for his children than 
that of the so-called “ unskilled worker.” He wants something 
better, and here in the remote Somersetshire County he finds what 
lie needs. At the present time 40 per cent, of the children at 
Sexey’s are not paying pupils. 

It is interesting to note that Sexey’s School started in a bam 
and was not housed in its present attractive quartern imtil the 
success of the imdertaking had been pioveil beyond all question. 
The Farm School was added to the premises as a going concern 
about the year 1913, when Mr. Smith handed over the buildings to 
the Bchool .authorities. To-day the full limit of the accommodation 
has been reached, and so great is the school’s popularity that vehicles 
ply daily between Cheddar and Blackford to take pupils to and from 
the railway station. 
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It does not require any special gift of vision to see in the second- 
ary schools with a “ rural bias,” of which Sexey’s is so pleasing an 
example, a prospect that may go far to change the outlook of those 
who work on the land. It is admitted on all sides that no class of 
our population has done better work for the country or has received 
less return for it in years past than the agricultural labourer. The 
war t)rought these truths home to the c-ommunity at. large, and the 
worst of the farm labourer’s disabilities have been removed by the 
Agricultural Wages Board and the Agriculture Act, while Village 
(■lubs and Women’s Institutes have developed the 'social side of 
niral life with the very happiest results. But this is not enough. 
The agricultural labourer’s children have a right to be prepared to 
help the (community at large by the development of their natural 
aptitudes along the most familiar lines. Welshpool, Dauntsey’s, 
Knaresborough and Sexey’s may constitute a small beginning, but'as 
the knowledge of these undertakings grows and the value is recog- 
nized by the community it is not too much to hope that we shall see 
the “rural bias” a feature of secondary schools in all suitable^ 
districts, and that year by year they will send out a steadily 
increasing number of skilled workers on to the laud. ’The exjCiiae 
is trifling ; the reward is great ; and in giving every encouragement 
to such a movement as this, the State will be recognizing in very 
practical fashion its debt to those who have raised a considerable 
part of the nation’s food in most disheartening conditions for many 
years. The rising generation should prove capable, in the new 
circumstances that will follow, of increasing the output to a point 
at which we shall stand far nearer self-support, and the security 
that attends it, than we are to-day. 
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BY 

« R. C. PUNNETT, F.R.S., 

Professor of Genetics, VniversUy of Canibridge. 

In the first article of this series, published in the September (1921) 
issue of the Journal, Prof. Punnett dealt tvith coat colours in 
, catde as an illustration of simple Menddian inheritance. 

In the case selected for illustrating simple Mendelian inheritance, 
viz., black and red coat colours in cattle, one of the members of the 
alternative pairs of characters is completely dominant to the other. 
The black animal that carries red germ cells is quite as black in 
a^Barance as the true breeding black that carries black germ 
cells only. This feature of complete dominance is found frequently 
in animals, but there are other cases in which it is possible to 
distinguish by appearance, the form that carries both kinds of germ 
cells. Roan Shorthorns provide an illustration. 

No breeder has succeeded in establishing a strain breeding true 
to roan, for such animals, when bred together, always throw’ reds 
and whites in addition to roans. Statistical examination of the 
herd books by several writers suggests that two kinds of germ cells 
are concerned, viz., “ red ” and “ white.” When two “ red ” germ 
cells meet, a red f animal results, and such animals breed true to red ; 
also, when two “ white ” germ cells meet, the result is a white, and 
such animals breed true to white. When, however, a red is crossed 
with a white, as shown in Fig, 1, a union is effected between a “ red ” 

* Reprinted from Jovr. Min, Agri,, XXVIII, no, 2. 

t Both rods and roans may have white inarkinffs, especially on the belly, but these appear 
to be independent 'of the roan character. • 

( 656 ) » 
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and a “ white ” germ cell. The resultant animal is a roan, more or 
less intermediate in appearance between full red and white. This 
animal, formed by two unlike germ cells, carries both *' red ” and 
“ white ” germ cells in equal numbers ; consequej'tly, when roans 
are’ mated together equal numbers of “ red and white ” ova 
are fertilized by equal numbers of '' red ” and “ white sperms. 
Each “ red ” ovum has an equal chan(;e of being fertilized by a “ red ” 
or by a “ white ” sperm ; in the former case it will give a 
pure red animal, and in the latt^'r a roan. Also, each “ white ’’ 
ovum has an equal chance of being fertilized *by a “ red ” 
or “white” sperm; in the former case a roan animal will result 


Red 





White? 



Red . 

Fiff. 1. 


Roan Roan White 

IHufltratlng the relations of Bed, White and Boan. 
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and in the latter a white. Eoans mated together, as shown in Pig. 
1, give reds, roans and whites in the ratio 1:2:1. From the view of 
the practical breeder a roan animal is a hybrid between red and 
white ; the colour cannot be fixed, for there are no “ roan ” germ 
cells (only “ rod ” and “ white ” cells). The breeder who desires 
roan animals will be well advised to obtain them by crossing red 
with white • in this way 100 per cent, of roans will result, as against 
50 per cent, from mating roan by roan, roan by red, or loaji by 
white. 

The “ brealcpig up of the type ” that often occurs after a cross 
is a familiar feature to breeders. The first cross animals may show 
considerable uniformity, though differing from both parental strains. 
In one character they may take after one parent, in another they may 
resemble the other parent, while in a third they may be more or less 
intermediate between the two. When such animals are bred 
together a great diversity of forms makes its appearan(;e in the next 
generation, and in extreme cases scarcely any two beasts may be 
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Fifr. 2. Illustrating the relatione of polled and horned oattle. 


alike. The skilled breeder, however, will often name with certainty 
the original parental breeds of such a mixed progeny, as he will 
understand that there is something orderly underlying apparent 
chaos. Th ebreeder who sees as far as this will doubtless welcome 
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the simple explanation that Mendelism affords, but for those who 
may doubt the possibility of such an explanation, a simple example 
is given to illustrate the nature of the principle involved. 

Suppose a cross is made between a black polled and a red 
homed breed. The progeny will be black polled animals. (Pig. 2.) 
The Fi generation is uniform, but when a further generation is 
raisM from these, fresh types appear. * In addition to black polled 
and red homed beasts there will be horned blacks and polled reds, 
types distinct both from parents and grandparents, but evidently a 
recombination of characters found m the grandparents. These four 
t^'pes appear in widely different proportions, as indi(*.ated by the 
numbers in Fig. 2, It has been pointed out abeady that polled and 
homed cattle form a pair of alternative characters, of which polled is 
dominant ; and that black and red form a similar pair, the black 
being dominant. Knowing this, we should expect all the Fj beasts 
to be both black and })olled ; the F» generation to consist of blacks 
and reds inth,e ratio 3:1, and polled and horuetl in the same ratio. 
If we suppose thaf: the factors for the black-red and the polled- 
homed pairs are transmitted in the same manner, hut hidependeiUly 
of om aywther, we must obtain a generation consisting of theffolir 
classes black-polled, black-hornexi, red-polled and red-homed in the 
ratio 9:3: 3:1. This is the only ratio in which the poUod and horned 
appear in the proportion 3:1, and the blacks and reds simultane- 
ously in the same proportion, provided that each pair is inherited 
independently. Though the ratio 9 : 3 : 3 : 1 has not been verified 
on a comprehensive scale for the cattle cross, it has been worked out 
in all details in many cases for smaller animals, whero the expenses of 
breeding are far less. There is reason for supposing that if a Fj 
generation of several hundreds of cattle were bred from this cross, 
the four classes mentioned would be obtained in the proportions given 
above. 

There has been a “ break-up ” of the parental types in that the 
two new classes, horned-blacks and poUed-reds, appear in the F.^ 
generation ; and it is clear that these new classes arise through 
recombination of the two pairs of factors in which the original 
parents differed, The “ break-up,’* however, is not mhrked, because 

5 
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the parents differed in two pairs of factors only. Had they differed in 
ten pairs the F, generation would have been very much more complex, 
and the feature of recombination, so obvious in the simpler case, 
would have been obscured by the great number of recombinations 
that would have appeared. Nevertheless, on the evidence obtained 
from smaller animals, there is good reason for supposing that the 
more complicated case could be resolved on the same lines as the 
simpler one, and that the same principle underlies both. 

A cross may be undertaken deliberately with the idea of com- 
bining particulap characters found in one breed with other characters 
found in another breed, and wdth this in view it is clear that Mendelian 
principles can be of great assistance to the breeder. Let us suppose 
that the breeder wishes to obtain a strain of red polled cattle out of 
Aberdeen Angus and Red Shorthorn ; and fuither, that he is not 
avtare of the fact that polled and hornetl, and black and red behave 
as simple Mendelian paire. From this crossing only polled blacks 
result. So far he can say only that the Angus is prepotent ; but as 
, soon as he raises a F* generation and views it in the light of Mendelian 
knowledge, he begins to understand what is happening. The fact 
that' he gets no intermediates, but only blacks and reds in the F* 
generation, and that the latter form about one-qxiarter of the total 
tells him that these colours depend upon a single pair of factors. 
From the point of view of horns in the F, generation, it will be noted 
that polled and homed appear in the ratio 3:1; and this tells the 
breeder that he is dealing with another pair of factors. Moreover, 
the 9 : 3:3:1 ratio tells him that the two pairs are transmitted 
independently ; for this is’ the meaning of the 9 : 3 : 3:1 ratio in 
analysing the phenomena of heredity. 

Having obtained the polled reds the breeder wants to fix them 
in the shortest time. To a problem of this sort Mendelian theory 
may be a valuable guide. When once the factors concerned in a 
cross have been determined, it is possible to calculate the proportion 
of fixed animals in each class of the Ft generation, and to suggest 
also how they are to be found. In explanation we may examine the 
cattle cross from a slightly different point of view. The nature of 
the Fj g^eration t^ us that we are concerned with’ a difference 
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of two pairs of factors, viz., the pair for polled and homed denoted 
by P and p, and the pair for black and red B and &.♦ It is tslear that 
both dominants went in with the Angus and both recessives with 
the Shorthorn : therefore, we denote the polled black as PPBB 
and the Shorthorn as ppiW». Since the F, gets P and B 
from its Angus parent, and p and 1> from its Shorthorn 
parent, its constitution must be PpBh (Fig. 3). When F, forms germ 
cells, each cell contains a representative of the P-p pair, ard also a 
representative of the B-h pair. Hence 50 per cent, contain P and 50 
per cent, contain p ; also 50 per c.ent. contain B dnd 50 per cent, 
contain h. Since the F, generation shows that the T-p pair and the 
B-h pair are transmitted independently, we must suppose that any 
germ cell containing P has an equfd chance of containing either B or 
h, and similarly, any p germ cell has an equal chance of containing 
B OT h. ^ 

Hence the F, animals will produce the 4 kinds of germ cells 
PB, Pb, pB and ph, and produce themein equal numbers. When 
Fi beasts are mated together it means that we are bringing together 
a series of ova of this nature with a similar series of spenns. The 
simplest way to arrive at the result is to make a figure of 16 squares, 
as shown in Fig. 3, and to write the above series of germ cells first 
across the four horizontal rows of the figure, and then down the four 
vortical rows of the same figure. This will give all the different 
possible combinations in the proportions in whicli they may be 
Bisected to occur, i.e., the constitution of the F, generation. 
Examination of the squares shows that 9 out of the 16 contain both 
P and B and are, therefore, polled blacks, 3 contain B and p, which 
are homed blacks ; 3, in which P is associated with 6, are polled 
reds ; while 1, having only h and p, must be red horned. The three 
red polled are not all alike. One is PPhh and two are Pp&6 (Fig. 3, 
squares numbered 6, 8, and 14). The former is pure for the polled 
factor, having received it from both parents ; the others, however, 

* It is enstomary to denote tlie factor that gives rise to the dominant of a pair of alter-^ 
native characters, by a capital letter, and that upon which the recessive depends, by the 
corresponding saiall letter. * 
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have received it from one parent only, and are consequently impure. 
The polled character is already fixed in one-third of the red polled F, 
beasts, but how are they fixed to be distinguished from the unfixed 
beasts ? As pointed out in the previous article, this can be done 
by crossing with the recessive, which in this case is the horned beast. 
The fixed poUed rod PPhh gives only polled beasts when mated 
with homed animals, the impure polled red Pj^h gives on the 
average equal numbera of polled and horned. The above example 
was selected as a very simple illustrition of the mamier in which the 
“ break-up*’ of the type, and the recombination »of characters is 
interpreted on Mendelian lines, but the general principle applies to 
far more complicated cases. It has provided us with a simple 
explanation of the curious phenomenon ol reversion on crossing, a 
phenomenon which has puzzled the practical breeder and the man 
of science. As, however, no fresh principle is involved in such cases, 
there is no need to consider them here in further detail. 

Many of the characters of animals wth which the breeder 
deals owe their manifestation to the presence of one or other definite 
factor, which is transmitted according to a definite scheme. ?f 
these factors are not divisible under normal conditions, they n^usBb be 
handed on through the germ cells as definite entities producing their 
full efiect in each successive generation. Continual crossing of black 
with red does not diminish the potency of the black factor. So long 
as it is passed on through a germ cell it produces i'ts full effect. 
This relative permanence of the factors, assuming it to be well 
founded, is doubly important for the animal breeder. It assures 
him that a character put into a cross. can be recovered from it by 
sui'table procedure, even though it may for a time appear to be 
submerged and lost. It also offers the prospect of imderstanding 
and so of controlling fully the material with which he works ; but in 
order that he may be in a position to do this he must first be provided 
with an analysis of that material in terms of factors. The factor is 
for the breeder much what the atom is for the chemidt. Though 
they may have a real existence, in practice both the atom and the 
factor are used as symbols. The chemist analyses his material in 
terms of atoms that he ha s never seen, but the conception of their 
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existence is justified by the control he obtains when using the atomic 
theory as his guide. The theory guides the analysis that enables 
him to build up a conception of the chemical constitution of the 
substance he examines, and this conception enables him to predict 
the behaviour of the substance in its various reactions. Under- 
standing the atomic nature of the substance, he can thencefortli 
control it ; so also, the biologist is attempting to analyse his 
nmterial in terms of factors which he has never seen. For if factors 
are something definite and permanent, following a definite scheme 
of distribution, in heredity, it is clear that the characters of living 
things can be brought under accurate control by the breeder. 
They can be dissociated and recombined, just as the chemist disso- 
ciates and recombines atoms to make new substances. 

This work of analysing the living beast is only beginning. It is 
only within recent years that the factorial theory of heredity was 
enunciated, and the scientific man is still busy testing how far it is 
sound. In simple cases, such as those described above, it has 
certainly borne the test. The skipping of characters for a generation — 
‘the persistence of the unwanted recessive even in most highly 
pedigreed flocks and herds — the unfixable nature of certain t}'pes — 
the explanation of the curious phenomenon of reversion on crossing — 
the meaning of the break-up of the type in the second generation from a 
cross -the principles governing the recombination of characters -all 
these things are now straightforward, and will be found treated of 
in a text-l)ook dealing with heredity. But can we interpret in terms 
of the factorial theory those cases, where at first sight there appears 
no suggestion of clear cut alternative pairs of characters— where 
a cross seems to result in a muddled blend — or nrust we confess that 
no solution has been formd ? It is such problems as these that have 
been eirgaging our attention at Cambridge for some years past, and 
a brief account of them will be given in the two following articles. 



MOSAIC DISEASES OF PLANTS • 


BY 


(Miss) B. M. ’\VAK.rpIELD, F.L.R., 

Acting Mycologist on the Staff of the Imperial Department of Agriculture, 

West Indies. 

That plants, like animals, are subject to definite diseases, has 
been recognized from the earliest times, and in the case of afiections 
so important to man as, for instance, “ rust ” of wheat, it was natural 
that there should be mnesh speculation as to the nature and cause of 
disease. The, earliest writers adopted either entirely superstitious 
views, or attributed plant diseases to definite environmental factors, 
as drying winds, unfavourable soil, and so on. Even when later 
the constant association of certain fungi with disease was j*o^d, 
these were not recognized as entities, but were regarded as special 
manifestations of the diseased coirdition — ^products of the changed 
sap of the plant. 

With the researches of De Bary and others in the latter part of 
the nineteenth centimy on the parasitism of fungi, there began a new 
era in the study of plant pathology. The fungi connected with 
many diseases were identified, their liEe-histories studied, and the 
causal relationships established by means of pure culture methods 
and infection experiments. Later, many other diseas^es were shown 
to be similarly caused by bacteria. There .still, however, remained a 
number of affections which could not be attributed to any known 
organism. These have been classed under the term “ physiological 
diseases.” A critical examination of our knowledge as to these 


* West Ini. Butt., XVXU, no. 4. 
( 0G5 ) 
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diseases leveals the fact, as K. E. Smith^ has pointed out, that they 
are a heterogenous collection of phenomena, agreeing in nothing 
except that their cause is not known. The further conception that 
the diseased condition is the manifestation of some functional or 
metabolic disturbance is purely an assumption. JCertain diseases, 
at one time thought to be “ physiological,” have since been proved 
to be connected with parasitic organisms. ‘ 

Within the past thirty years much literatuie has accumulated 
on the subject of one group of these so-called physiological diseases, 
which have certain features in common. While no recognizable 
organism has been found, the symptoms are entirely those of attack 
by a parasite, and there is a strong body of opinion inclining to the 
belief that there may be involved an ultra-microscopic parasite — 
a conception which has akoady been adopted in animal pathology. 

„ These are all mosaic disease^?, so called because the most 
usual and conspicuous symptom is a mottling effect on the leaves of 
diseased plants catised by the pi-esence of inegular lighter green 
areas mingled with the general green groundwork of the leaf. 

Mosaic diseases provide an exact paiullel with certain animal 
dfeer.ses, such as small-pox and infantile paralysis, which are regarded 
as being caused by ultra-microscopic t)rganism8. They arc more or 
less readily communicable, and the sap of diseased plants can be 
filtered through ordinary bacteria-proof filters without losing its 
infectious properties. Furthermore, the disease is frequently 
transmitted to healthy plants through the agency of iixsects, such as 
aphides, which infest them {cf. Rand and Kerce).® 

The best known and most thoroughly investigated of the 
mosaics is that of tobacco. Tobacco mosaic manifests itself in 
various ways. The plant may show partial or complete chlorosis, 
or may be entirely dwarfed. In other cases, the leaves show curling, 
dwarfing, blistering, and distortion, or a mottling with different 
shades of green. The flowers may also be distorted, and in Nicotiana 

1 Smith, Balph £. The inveatig&tion of Fhyiiiologioal Plant Diseasei. PhytopcUhohgy^ 
V, 1915, pp. 83-93. 

^ Band. F. V., and Pieioe, W. IX A Ck>-ordination of our knowledge of Insect Tians^ 
miaaion in Plant aiyl Animal BiBeaaei. Phytopathology^ X, 1920, pp. 189-231. 
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fdbacum the normally pink flowers become entirely bleached or 
blotched with white. 

The closest search has failed to reveal any recognizable organism 
to which the disease could be attributed, yet it has been shown to be 
highly contagious. The disease may be c-ommunicated to a healthy 
plant by rubbing the leaves with juice from a diseased plant, or by 
meicly rubbing with the finger, after dipping them in infected juice. 
The infectious principle is not removed by filtration through ordinary 
bacteria-proof filters, but Allard sue needed in removing it by means 
of a Livingston atmometer porous cup. At the same time the filtrate 
showed an intense peroxidase reaction, thus indicating tliat the 
infective principle is not an enzyme of this nature. 

The properties of the virus of tobaccio mosaic have been investi- 
gated in some detail by Allard It remains equally 

infective at a- dilution of 1 part of virus in 1,000 parts of water, 
though at greater dilutions the infective power is impaired. In such 
dilute solutions, tfip peroxidases give no discernible reaction. The 
enzymes present in a healthy plant, on the other hand, can be 
brought to a high degree of concentration, and yet never acquirer 
infectious properties. ^ • 

The virus is nuirkedly resistant to solutions of various salts, 
antiseptics, etc., unless these are very concentrated. Of all the 
substances tried, only formaldehyde and alcohol stronger than 50 
per cent, were found to destroy the infective principle easily. 
It is quickly killed at temperatures near the boiling point of water. 


^ Allard, A. The Effect of Dilution upon the lAfeotivity of the Viiud of Mosaic 
Disease of Tobaoea Jour, Agri. Bes,, ill, 1915, p. 295. 

® Allard, H. A. Distribution of the Virus of the Mosaio Disease in the Capsules, 
Eilaments, Anthers, and Pistils of affected Tobacco Plants. Jour. Agri. Ben,, V, 1915, 
p. 25L 

^ Allard, H. A. Some properties of the Virus of the Mosaic Disease of Tobacco. Jcvr, 
Affri Bes„ VI, 1916, p. 64a 

^ Allard, H. A. Puither Studies of the Mosaio Disease of Tobacco. Jour. Ayrt, 
Bee., Xr 1917, p. 6ia 

^^AUard, H. A. Effects of various Salts, Acids, Germicides, etc., upon the Infect! vity 
of the Virus causing the Mosaic Disease of Tobacco. Jour^ Agri. Bes., Xlll, 1916, 
ppt 619-637. . 
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but is moie resistant when dried, aud is very resistant to low tempera* 
tures, surviving exposure for fifteen minutes even to ISO^C. 

As already mentioned, tobacco mosaic is easily transmitted in 
the course of handling the plants, and it has also been shown that, in 
nature, certain aphides are instrumental in spreading the disease 
from plant to plant. Infection is, however, not carried through the 
seed. While the virus has been shown to be present in every other 
part of the plant, even in the trichomes, it is absent from the embryo, 
and if seed is produced by a mosaic tobacco plant, the seedlings 
remain healthy unless infected from outside. The same holds for 
certain other moWc diseases as spinach blight, and possibly tomato 
mosaic, thou^ in this latter case the evidence is conflicting. 
In cucuml)er and bean mosaic, however, seed transmission takes 
place. 

The virus from tobacco will also produce a similar disease in 
certain other solanaceous plants, as tomato and petunia. It has 
been shown by Nishimura^ that Physalm alke^mgi may act as a 
carrier of the mosaic of Solanaceao, without itself showing any symp- 
• toms of disease. This possibility of ‘ carriers ' has to be borne 
in rgind when dealing w’th supposedly immune varieties of plants 
susceptible to mosaic. The mottling disease of sugarcane was 
probably introduced into Argentina by resistant varieties showing 
little sign of infection (Earle).* 

Witliin recent years, it has been shown that the disease of 
lx)tatoes known as “ leaf-curl,” “ curly-dwarf,” or mosaic is also of 
an infectious nature, and is caused by a virus in which no visible 
organism can be detected. Although infection of potato can be 
obtained from tomato by grafting, it has not been possible to tansmit 
the disease from tobacco. Aitificial transmission of leaf-curl is not 
so easy as in the case of tobacco mosaic, but may be effected by 
certain methods as by rubbing together leaves of diseased and 


^ KisbimurH, M. A Canier of tLe Mosaic IMseaHc. liuH Torr, BoU Club, 45 , 1918. 
pp, 219-2c3. 

- Earle, E. & Tho Bcaistance of Cano Varietioa to the Yellow Stripe or Mosaic 
Disease. Porto Uiw l)tjiU Agri^ ins. Expi. Sia, BulL 10, 1919. 
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healthy plants. It has been found also that infection may take 
place in nature by root contact (Quaujer).i 

A second potato disease, Imow.i as leaf-roll, is also contagious, 
but is apparently distinct fro]n potato mosaic. Leaf-roll is charac- 
terize by necrosis of the phloem, causing stoppage in tlie translocation 
of starch from the leaves. Both diseases are transmitted by the 
tub(^s and from plant bo plant through' tlu* roots. Mosaic or leaf- 
curl has been found also to be transmit ted by ceitain aphides. 

Outside the Solanaceie, mosjtic d'seases are known in many other 
cases ; amongst others, Pliyfolmm deemidra, sugar-beet ((;urIy-top), 
spinach (blight), cucumber, sweet pea bean and other rapilionacese, 
beet and sugarcane. All of those are (haracterized by the presence 
of more or less mottling or distortion of the leaves, and in most cases 
transmission by insects has been ])roved. 

Insect tra'nsmission of the disease has been perhaps most 
thoroughly invest igjited in the case of curly-top of sugar-beet. 
This disease was sJiown bv E. ]>. Ball® and Shaw® to bo com- 
municatod by tlie beet leaf-iiopper {Eutellix (■enella Baker). TJie 
((uestionhas been tested experimentally by numerous investigators,* 
and it has been .shown conclusively that the leaf-hoppers are ju»t in 
themselves infective, but ojbly beconu*. so after feeding on diseased 
plants. No more than three h(»urs’ feeding is necessary for the 
leaf-iioppertoobtaijithe infective principle, butaji incubation period 
of forty-eight houi's, or possibly only twenty-four, is necessary before 
the insect can induce the disease (Smith and Bonc.quet).^ This 
latter fact suggests that some development takes place within the 
body of the insect. To induce the disense in a healthy beet, it is 
sufficient to confine one virulent leaf-hopper for five minutes on a 
leaf of the plant. Of great importance in connexion with the 


^ Quaajer, H. M. 'J’lic Mosaic J of tho yohuiaccae, its ix*lftlion to riiloein-iioorusis 

and its effect upon Potato- culture. Phi/tojxUJwJogj/, X, 1920, pp. 

- Ball, E. 1). Tbo Beet Loaf-Hoi)iKir {EiUeUix Unella). Utah Afjri. ExpL Eta, 10/4 
Anru Jitport, 1904-05, 1900. 

® Shaw, H. B. Tho Curly- top of Becta. U. E, iJtpt. Agri, Bur, Plant Indus, 

liua, m, iflia 

* Smith, li, E, and Bonofiuot, P, A. Now Light on Curly-top of the Sugar- beot. * 
Phglopailiology, V, 1915, pi). 103-107. • 
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perpetuation of the disease, from season to season, is the fact shown 
by Boncquet and Stahl, ^ and by Carsner,® that various wild 
plants are susceptible to the virus, and, further, that leaf-hoppers 
may retain their virulence for a long time, even when feeding on 
non-infected plants. Carsner considers it highly probable that 
overwintering of the virus is accomplished by these two factors. 

Cucumber mosaic has also been communicated to various 
plants of the same family, including the wild cucumber {Micrampdos 
lobato). In the latter plant occasional transmission of the disease 
tlirough the' seed has been observed,® but seed transmission 
appears to l)e the exception rather than the rule in mosaic disease 
in general. Bean mosaic, however, appears to be carried by the 
seed, and is not readily communicated from plant to plant. In this 
case high temperatures and great humidity are foimd to favour 
infection. 

The case of spinach blight is interesting. Tin’s disease is carried 
by aphides, and McClintock and Smith* have shown that the 
infectious principle may be transmitted from the parent aphides to 
their offspring, through a period suflBciently long to tide over the 
intf'rval between successive spinach crops. A similar inheritance of 
the vims is known in the case of some animal diseases. 

At the present time this interest is centred in sugarcane mosaic 
owing to its rapid spread in the West Indies and, the losses caused 
by it. The disease has been known in Java since 1892, although its 
infectious character was not then recognized. It was first noted in 
Porto Rico about the middle of 1916, when only a small area was 
affected. By 1919, more than three-fonrths of the cane-fields of the 
islands were involved, and the disease had appeared also in Santo 
Domingo (Cuba) and St. Croix. In the present year it has been 

’ Boncquet. P. and Stah\ C, F. Wild Vegetation aa a Source of Curly-top 
Infection of Sugar-beetfli Jour. Econ. Enk^ X, 1917, pp. 392-397. 

* Carsner, E. Susceptibility of various plants to Curly-topof Sugar-beet, PhytopaiholoQy, 
IX. 1319, pp. 413-421. 

5 Doolittle, 8. P., and Gilbert, W. W. Seed TranBiniBsioii of Cucurbit Mosaio by the Wild 
Cucumber. PJ^ytopaihology^ IX, 1919, pp. 320-327. 

* MoClintook, L A., and Smith, L. BL The true nature of Spinach Blight and the relation 
of Inaeotf to ita Tranamiasion, Jour. Agri. XIV, 1918, pp, l-W. 
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causing trouble in Jamaica^ and Trinidad,® and bas recently 
appeared in Barbados. 

The disease manifests itself first in a mottling of the whole of 
the leaf with pale-green to whitish streaks and spots. The pattern 
varies in different varieties of cane, and may be constant and charac- 
teristic in some kinds. Spots caused by other agencies are sometimes 
liable to be confused with mosaic, but the lidter is getierally recogniz- 
able by the pale-green, not yellow, 'colour of the blotches, their 
linear shape, and occurrence c -er ’ he whole surface of even the 
yoimgest leaves. • 

In plant canes originating from diseased cuttings, all the leaves 
are affected, and in the second and third years there may be a 
fmrther development on both leaves and stem of white opaque 
patches. The occurrence of internal lesions in diseased stems has 
also been recently recorded. (Matz)* : the effects of the disease 
are cumulative. Diseased canes Aveigh less than healthy canes, and a 
considerable reductihn in yield is the result. Except when the stein 
becomes cracked, however, the sugar content of the juice is not 
materially affected. 

In addition to primary infection through the use of diseSseJl 
seed-pieces, the rapid spread of the disease early gave indication 
that secondary infection takes place in nature. The growing point 
is infected, and all leaves formed subsequently shoAv the mottled 
effect. If the infection occurs late, only the uppfer part of the 
cane shows disease, and the loAver joints may give rise to sound 
plants or ratoons. Healthy shoots from diseased stools, Avhen 
used as seed, similarly give rise to healthy plants. In this respect 
the virus of sugarcane mosaic differs from that of tobacco 
which penetrates to all parts of the plant wherever it may be 
introduced. 


’ Ashby, S. F. The Moaaic, Mottling, or Yellow Stri|>6 DiRea^e of Cane. iMpL Agri, 
Jamaica, Leaflet, 192a 

■ ^illiamfi, C. B, Mosaic Disease of Sugarcane in Trinidad. Agri, Netv«, XIX, 1920, 
• 126, and Bull, Dept, Agri, Trinidad and Tobago, XIX, 1920, pp. 30-36. 

* Mats, J. Infeotion and Nature of the Yellow Stripe Disease of Cane (Mosaic, Mottling, 
^). Jour, Agru Porto Bieo, III, no. 4, October 1919 (published 1920), 
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It has not been easy to prove experimentally the infections 
nature of the virus of sugarcane mosaic, but Brandes^ has shown 
that the disease may be transmitted by the com aphis. It is unlikely 
that this insect is the only agent acting under natural conditions, but 
so far experiments with other insects have given no conclusive results. 
While all the observed facts point to insect transmission, the case 
remains not proved. 

Unlike tobacco mosaic, the sugarcane disease can only be 
transmitted artificially with difficulty, under c-onditions at present 
not understofid, Brandes^ was successful only when he injected 
c.c. of the virus into the growing-point by means of a hypodermic 
sjrringe. It is perhaps worthy of note that he obtained better results 
with virus which had been pressed out from the shoot under oil, 
and thus remained unoxidised, than with vims obtained by tritura- 
tion of young leaves. A repetition of this method by Earle® in 
Porto Rico gave in one case five infections out of ten, but in two 
duplicate experiments no positive results were obtained. Tests 
of other methods of infection similarly show no uniformity, and 
there is evidently some factor in operation which is not at present 
understood. 

Quanjer,^ in connexion with phloem-necrosis of potato, has 
suggested the possible action of anaerobic organisms. Tlie behaviour 
of the vims of sugarcane mosaic seems to lend some support to this 
idea, but further experiments are necessary before any conclusions 
can be drawn. 

In a recent publication, Matz® describes a plugging of the 
parenchyma cells in diseased leaves and stalks by a dense, plasma- 
like substance, with a tendency to break up later into small motile 


',2 Brandee. E. W. Arl.fiuinl and Tnsrrl Tiansruisi-ion of Sugarcane Mohttic. Jour. 
Agri, Res., XIX. 1920. p. 131. 

* Karle, F. S. The Year 8 Experience with Sugarcane MoBoic or Yellow Stripe Disease. 
Jour. Dtpi. Agri. Porto Rico, 111,, no. 4, October 1019 (published 1920). 

* Quanjer, H. M. On the Nature, Mode of Dissemination and Control of Phloem 

neorosiB . (Leaf Roll) and Related Diseases. Medcd V. d. Rijks Hoog. Land, en 

BoscJiJiOumcihool, X, 1916. 

* Mata, J. Infection and Nature of the Yellow Stripe Dheasc of Caiie (Mosaic Mott- 
ling, etc.). Jour. Agri. Porto Rico,\ HI, no. 4, Octolxu- 1919 (published 1920), 
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granules. The obser\ration seems to provide at least a histological 
basis for the disease. 

More than 1,900 varieties of cane are known to be subject to 
mosaic, and the list includes practically all of those whhdi are commer- 
cially esteemed. The Otaheite or Bourbon cane is very severely 
injury; while Rayada, Trystalina and Yellow Taledonia also suffei 
^ badly. Louisiana, Barbados, Demerara, as well as Trinidad and 
other seedlings are attacked, though in varjdng degrees. In fact 
few varieties appear to be immiitte, b"t slender canes of Noith Tnrlia 
t}^oe, generally known as .Japanese canes, are said W Brandesi to 
be resistant under Louisiana conditions. Tlie variety Kayan^ire or 
Uba, has never been ol)served to show signs of disease. 

One of the most disquieting feahm's of the disease, complicating 
the question of control, is the fact th,at other cultivated and wild 
grasses have been found to be susceptible. The mosaic disea.se t>f 
sugarcane has been proved to be Iransmissible to maize, sorghum, 
crab grass {SyiuJiemma sanguinali'i), foxtail (Cha4ochoa lutescem), 
and Panicum. dichotomiftorum. A similar disease has also been 
observed on rice and millet {Panicum cmsgatti Major) in Porto Rico 
(Brandes)^, 3 • * 

The only satisfactory method of controlling the disease is by 
seed-piece selection and eradication. Tt is transmitted by the use 
of diseased seed pieces, and neither disinfection of the seed nor soil 
treatment has any beneficial effect. Infection is not carried by the 
soil. 

Earle^ has recorded the promising results of eradication 
experiments in Porto Rico. In the first place, only healthy cuttings 
should be planted. Then, when the young cane is about a foot high, 
the field is inspected, and all plants showmg signs of disease am 
pulled out. This inspection and roguing is repeated at intervals of 
ten days, until no more cases are found. 


* Brandts, E. W. Tho Mosaic Disease of Siigareano and otlior Grasse s. TJ, 8. Dept, 
Agri. ^uXL S29, 1919. 

* Brandes, E. W. Moaiio Diaeiso of Corn- Jour, Agri. Res., XIX, 1920, pp. 517-521. • 

^ Earle, F. 8. Eradication aa a means of control in Sugarcane Mosaic or Yellow Stripe. 
A)rto Rico Dt^^Agri. Bull 22, 1910. • 
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Braudes^ recommends roguing only when the amount of 
infection in the young canes does not exceed 20 per cent, or in half 
grown to mature canes 6 per cent. The size of the field and the 
condition of the surrounding fields must also be taken into consi* 
deration. It is suggested that as soon as all the plants have sprouted , 
the fields should be inspected, and all diseased stools pulled out and 
cast between the rows. A second inspection after a lapse of twenty- 
five to thirty days will show whether secondary infection is taking 
place. If so, the fields should be rogued as before, and a third 
inspection made, again after the same interval, twenty-five to thirty 
days. It may be necessary to repeat the process several times. 

In large, badly infested fields, roguiug is impracticable. In 
such cases, Brandes suggests that the crop should be allowed to 
mature, every stalk ground, and the stubble ploughed up and 
killed. Replanting should be done with carefully selected cuttings. 
As a precautionary measure, some crop other than a grass might be 
grown on the land for a year. 

Naturally the success of this method depends on its being 
carried out thoroughly throughout the infected region. As already 
indicated, the discovery of other hosts has complicated the problem. 
The disease is perpetuated in pereimial grasses, and the destruction of 
all affected host-plants is practically impossible. When once the 
planter realizes the seriousness of , the situation, however, much can 
be done to minimize losses by thorough roguing methods. Unfortu- 
nately, the substitution of immune varieties does not at present 
offer any immediate solution, for in the case of both cane and corn, 
the susceptible varieties happen to be the most esteemed. 

It may be mentioned in passing that Brandes^ has observed 
several cases of apparent recovery from mosaic in the case of maize, 
crab-grass, and foxtaiL He also states that occasionally suckers 
from diseased stools of sugarcane and sorghum have been observed 
to come up with no sign of mosaic. Inoculation experiments only 
will decide whether in such cases the virus is really absent or only 

I Brandes, E. W> The Mosaic Disease of Sugarcane and other Qrasses. U. Dept. 
Agri. BM. 829, 1919. 

* Brsndes, K.'W. Mosaic Disease of Oom. Jour. Agri Jfe*., XIX, 1929, pp. 617-621. 
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inactive. Brierley,^ however, has recorded a case of what appears 
to be true recovery from mosaic disease of tomato. Freiberg* 
has attempted to explain it on the basis of temperature relations, 
but this explanation does not quite cover the facts. All these occa- 
sional records of recovery are at present unexplained. 

^ There are a certain numl>er of other obscure diseases of plants, 
which while not agreeing with the true mosaics in their symptoms 
yet appear to be transmissible, and caused by an infectious virus. 
Among these may be mentioned such diseases as peach “ yellows,” 
“aereh” disease of sugarcane, “spilce” disease of sandal, etc. 
In most of these cases the information yet available is scanty. 

With regard to the nature of the ” virus ” causing these various 
diseases, the theory first advocated, and still held by many workers* 
is that the infective principle is an enzyme. Allard’s experiments 
proved conclusively that at least it was not an oxidase, for he 'was 
able to show that the infective principle and the oxidizing enzymes 
react independently. 

Freiberg* has since confirmed this result, but he adheres to tl\p 
enzymic theory, supposing that the substance in question is^ of 
the nature of an aldehydase. Having found that carbohydrates are 
more abundant in the dark-green than in the light-green areas of the 
leaf, he connects this with the fact that formaldehyde is probably 
one of the first produc-ts of photosynthesis. Thus he explains the 
fact that Allard found the infective principle was destroyed by 
formaldehyde, as due to a specific chemical reaction with the 
formaldehyde, and not to its antiseptic; properties. 

The behaviour of the virus of mosaic disease of tobacco with 
respect to high and lo>v temperatures and various antiseptic solutions 
is certainly more in accord with that of an enzyme than with that of 
any organism at present known. 

On the other hand, the great objection to the enzyme theory 
appears to be the difficulty of explaining how such a catalyst would 

' Brierloy, W. B. On a case of Recovery from Mosaic Disease of Tomato. Ann, App^ 
Biol, II, 1916, pp. 203-206. • 

Freiberg, GL W. Studies in the Mosaic Diseases of Plants. Ann, Miss, Sot, Oard,, 
IV, 1M7, pp. 196-332. , * 
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originate. If one adopts this view, it is necessary to assume that at 
some period an enzyme, or a substance capable of activating enzymes, 
has arisen in the plant de novo possibly, as Freiberg suggests, in 
consequence of some disturbance in metabolism. Were this the 
case it should be possible to induce the disease at any time, -by 
engendering such a disturbance in the activities of the plant cell. 
As far as experiments have gone at present, however, we know of no 
means of producing mosaic disease in a healthy plant, except by 
infection from another diseased plant. 

On the otKez hand, none of the properties of the virus so far 
investigated is entirely inconsistent with the theory of the presence 
of an organism. In particular, the fact that the virus remains 
active, even in extreme dilution, and is capable of increasing inde- 
finitely within the tissues of the host, points to the action of a living 
organism rather than of a chemical substance. Freiberg’s observa- 
tions as to the existence of a maximum, optimum, and minimum 
temperature for the manifestation of mosaic disease are equally in 
accordance with the view that a parasite is present. 

Until comparatively recently, the conception of such ultra- 
microScopic organisms remained entirely theoretical. The work 
of Lohnis and Smith^ in 1916, however, on the life-cycles of 
bacteria, opened up entirely new possibilities in connexion with 
this as well as certain other pathological problems., Lohnis and 
Smith found that bacteria may enter an amorphous “ symplastic ” 
stage, in which condition parasitic species might not be readily 
distinguishable from the protoplasm of the host cell in which 
they occur. Furthermore, they observed the formation of filterable 
“ gonidia,” which may produce new bacteria directly, or after 
having entered the symplastic stage. In view of these facts, the 
possibility that eventually many of the infectious filterable viruses 
will be proved to contain living organisms is brought appreciably 
nearer. 


• Dihnii, P., and Smith, N. R. Life and Qyclps of the Bacteria. Jonr, 
VI, 1U6, 67IS-702, 
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Deputy Director oj Agriculture, Lyallpnr. 

The experiments now reviewed were started with the object of 
discovering .the “ dominant ” manurial ingredient for each of the 
common crops of the canal colonies. Any consideration of* the 
economic aspects of the question was deliberately postponed for 
subsequent investigation. The way in which the crops are rotated, 
even, is not typical of the practice of the district. The crops of the 
two seasons are grown in two separate series. In the kharif 
(monsoon) scries, sugarcane, maize and cotton, and in tUe rabi 
(winter) series, wheat, toria {Brassica campestris var. tiapm) 
and gram, follow each other in the order given. The intensity of 
cropping is thus 100 per cent, (one crop per year) which is the average 
of the district as a whole. But, on the other hand, it is not common 
for rotations consisting of the crops of one season only to be adopted 
at all, and this is never done when the land is manured. The 
customs of the local zemindars as to the order in which crops are 
rotated are still somewhat variable ; but on one point there is a 
general agreement. For whenever a field receives a dressing of 
farmyard manure, which is the only manure commonly used, then 
two crops are always grown in succeeding seasons without any 
intervenuig fallow period. 

The utility of the results of these experiments for practical 
purposes is also greatly diminished bytlie absence of any unmanured^ 

• Reprintod from Tht Ann, Iltpt, Dept. Agri. Punjab. 19l9-2tt, pU II, 

( fi77 ) 
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control plots. Between each of the manured plots of one-fifth 

of an acre there is a very narrow strip of unmanured land. But 

these strips are very small and are relatively greatly affected by 

border effects — effects which in manurial experiments on irrigated 

land are by no means negligible. Thus although the yield? of 

these strips have been systematically recorded, they are useless 

for any strict comparisons : they have only been used in the 

preparation of Table I and in the calculation of the figures for 

probable “ error ” in Table IT. 

€ 

r 

Farmyard manure. 

In each series in each year there is a plot manured with farmyard 
manure consisting chiefly of dung. In Table I the yields of these 
plots have been compared to the yields of the adjacent unmanured 
strips. Very sirhilar figures are obtained by comparing the yields 
of these plots with the average of the yields of all the unmanured 
strips instead of only the two adjacent ones. 

Sugarcane gives a substantially increased yield on the manured 
plot, the increase amounting to 20-40 per cent, in all normal 
years? it is only in the years 1911 and 1914, when the whole 
crop was inferior, that the relative increase due to manuring is 
less. (For actual yields see Table II.) In each of the four years 
when the crop of maize was average to good, the manure causes 
an apparent increase of 10-20 per cent. The effect on cotton is 
more variable, though the cause of the variations is not obvious, 
as the crops were throughout average to good. In the case of 
wheat the actual yields are very consistent from year to year, 
and the increases due to the manure are also regular though 
small, averaging only 14 per cent. The effect of the manure on 
the yields of toria varies oonsidetably from year to year. But 
the actual yields of the whole crops of toria vary greatly from 
year to year ; for this crop is greatly affected by several’ seasonal 
factors. Generally the return from the manure is greatest in 
the best years. There is very little evidence in these resullp of 
"^any increase in the yield of gram as a result of applying farmyard 
manure. 
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So far as they go, these results accord exactly with the oommon 
ideas and general practices of the farmers in the district. Sugarcane 
and maize are regarded as most exhaiistive crops and are always 
grown on the best land and receive most of the available manure. 
Cotton is regarded as less exhaustive, and is only manured when it is 
not preceded (as it is in these experiments) by any fallow period. 
Of the rabi crops, toria is regarded as the most exhaustive and is 
sometimes manured. Gram is regarded as tlie least exhaustive of 
the common crops and is very scldca juanured. Oi-tainly no one 
manures gram when it is grown, as .t is in these experiments, on land 
that has been fallow for several months. 

Aktificial manures. 

The results from the application of various artificial manures are 
given in Table TT, parts A and B. In these tables the yields from.thc 
plots manured with artificials are c()m})aTed witli tlio yields from the 
plots treated with*faritiyard maiiurc. The yields and mean yields of 
the narrow unmanuretl strips are also given ; but as explained before 
too much weight (;annot be attached to comparisons between the 
manured plots and these strips. • * 

Lime. The yields from the liim d i)lot-s are poor except when it 
is applied to wheat and gram. It is not unlikely that the lime may 
cause an increase in the yield of the leguminous gram crop ; and the 
apparent increase wdiicJi it causes in the yield of wheat is sufficiently 
great possibly to represent more than experimental errors. Apart 
from these two cases the lime apparently fails to give any important 
return. 

Gypsum. Except in one case (that of fnaize in 1911 ), there is no 
evidence in these e 3 q)eriments of any return from the applications of 
gypsum. Excepting in that one case, the yield from the gypsum 
plot is less than that from the dunged plot in all cases where the 
latter was itself at all superior to the unmanurod strips. In the 
case of the gram crops and the cotton crop of 1914, where the farm- 
yard manure itself producetl little increase, there the yields of the 
gypsum plot ftod the farmyard manure plots are substantially eg^ual. * 
Comparingithe yields of the gypsum plot and the unmanured strips 
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uou&rms the failure of gypsum. The one exceptional case is not 
easily understood ; but it is significant that it occurred in the first 
year of the experiments when there were also one or two other 
exceptional results, so that it may have been due to an irregularity 
in the soil which later disappeared tmder the continued good 
cultivation. 

Bonemetd. The yields frbm the plot (No. 4) manured annually 
with 300 lb. of bonemeal is less than the yield from the dunged 
plot in every case except that of cotton in 1916, in which year the 
latter was itself iiiferior to the unmanurcd strips. The comparison 
with the unmanured strips, so far as it goes, shows no evidence of 
any veiy substantial returns from the manure. The yields of plot 
24, treated with bonemeal and lime, look more encouraging at first 
sight ; but the only really marked increases, apparently due to 
the^anure, are in the sugarcane crop of 1914, which was practically 
a failure, and in the gram crops where lime alone seems also to be 
beneficial. Plot 30 manured with bonemeal, lime and ammonium 
sulphate can also be compared with plot 26 which is treated with 
duly lime and ammonium sulphate. On the whole the yields of 
the two plots are approximately equal. The former is distinctly 
superior in one year, but this is counterbalanced by a case in which it 
is equally inferior. 

Basic slag. In the first year of the experiment basic slag 
apparently gave a good return when applied to sugarcane, but 
this result is not confirmed by the yields in the later years 1913 
and 1916. It has not been fairly tested on maize ; it apparently 
does no good when applied to cotton.' It appears to cause a 
slight increase in the yields of wheat and gram, but is inferior 
to lime alone in this respect. It causes little apparent increase 
in toria. 

These experiments are not such as to justify the absolute 
negative conclusion that phosphatic manures cause no increase in 
these emps here ; but they certainly appear to justify the <!onclusion 
that these mahures do not, under the conditions of these experi- 
Jnents, cause any such increases in yields as would render their use 
profitable. , 
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SoliMe nitrogenous manures. The results from the application 
of heavy dressings of these manures are very different from the 
results with phosphatic manures. On sugarcane and maize where 
the 4-ton dressings of dung applied annually caused substantial and 
consistent apparent increases, there these dressing® of soluble nitro- 
geous compounds cause much greater increases in the yields. In the 
caBe of cotton, where the returns from the dung are variable, the 
effect of these manures varies similarly. Tn 1914 and 1917 when 
the dimg only gave a slight return, then these manures gave an equal 
or even lesser return. In 191 1 , 19’ 3, and 1917, whoji the dung gave 
more substantial returns, the returns from the soluble nitrogenous 
manures were generally greater still. On wheat the return from 
these manures is equal to, or less than, tliat from the farmyard 
manure ; and on toria also they roughly follow the latter but are 
liable to rather greater variations. On gram there is no evidence of 
any return from the application of these manures alone and the 
increases where they are used in conjunction with lime may be due 
to the lime. 

It may be mentioned that most of the more important of thew 
results have been confirmed by other simpler experiments ii^ other 
fields imder similar conditions. 

Conclusions. 

So far as can be seen from these experiments nitrogen is by far 
the most important element of plant food controlling the growth of 
crops grown under the conditions of these experiments. The 
application of nitrogenous manures to sugarcane and maize always 
markedly increases the yield ; but on other crops such manures do 
not always give the returns that wouhl be expcctetl on the analogy 
of nianurial experiments in temperate climates. ‘On cotton the 
results of such manuring are negligible in some yeais. Cn wheat 
the light dressing of farmyard manure causes a fairly consistent 
increase which is generally greater than that caused by the relatively 
heavy dressings of soluble nitrogenous manures ; on toria the results 
from the- application of nitrogen in either form are considerable in 
favourably seasons. Gram gives little return for njanuring. lime 
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is apparently beneficial to gram and in a less degree to wheat ; 
gypsnm and pbosphatio manures fail to give a substantial return 
for their application to any crop. There is reason to believe that 
the results of the application of nitrogenous manures depend 
partly on the length of the fallow period preceding the sowing of 
the crop. 
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THE BOARD OF AGRICULTURE IN INDIA. 

C 

The Twe'ifth Meeting of tlie Board of Agriculture in India 
will be held at Pusa from the 13th to the 18th February, 1922, 
when the following subjects v/ill be discussed - 

I. The line of demarcation between Agriculture and Indus- 

tries as affecting the work of the departments con- 
cerned. 

II. Further discussion regarding measures for famine 

relief. 

ITT. The examination of the proposal to prohibit the export 
of certain manures from India. 

IV. Subjects connected with cattle breeding. 

V. Motor tractor cultivation. For what particular purposes 

motor tractors may prove useful in India and the best 
means for arriving at suitable types of both tractors 
and implements for the various requirements. 

VI. Manufacture of nitrogen fixation products in India. 

VII. Need for the study of the movements of nitrates in 
soils. 

VIII. The improvement of the potato crop in India with 
special reference to the seed supply for the plains. 

IX. Discussion on the resolution passed by the last Sectional 

Meeting of Chemists and Bacteriologists regarding 
measures to be adopted to secure continuity of field 
experiments of a permanent nature. 

X. Agricultural Middle Schools. A discussion oh the 

progress made and experience gained in the provinces, 
( 688 ) » 
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Xi. Whether biennial Sectional Meetings of (1) Botanists, 
(2) Agriculturists and Agricultural Engineers arc 
advisable. 

**♦ 

GREEN-MANURING OF BROADCASTED PADDY IN ORISSA. 

ft? is generally recognized by the cidtivators that if fields are 
green- manured with dhaincha {Sesbanm acul.eata) and then trans-. 
planted with paddy the yield is thereby increased. But owing to 
various causes transplanting of padd} is not practised in Orissa 
to a very large extent ; hence the advantage of green-manuring is 
not utilized. It was therefore decided to devise means, if possible, 
of green-manuring broadcasted paddy, broadcasting being the usual 
practice. With this view experiments were started in 1916 in the 
(•uttack farm and continued for three years with the result th%t 
grpen-manuring of broadcasted paddy was found possible and 
profitable which gave an average excess yield of 3 maunds and 7 seers 
(1 maund = 40 seers =82 lb.) of grain per acre. The practice is 
very simple which consists in sowing a certain quantity of dhaimha 
seeds with the paddy and burying the dhaincha plants in the*8oii 
at the time of heushaning. This practice of heushaning consists in 
ploughing tlirough the field Avhen the crop is about a month or six 
weeks old, the object being to reduce the cost of weeding and to 
promote tillering. Indirectly perhaps it serves the same purpose as 
transplanting though in a clumsy way, and also to a certain extent 
the purpose of green-manuring, for most of the weeds and about half 
the number of the paddy plants are buried in the soil in this process. 
It is an universal practice in Orissa in the cultivation of broadcasted 
winter paddy and no cultivator would omit it ; hence it affords an 
admirable opportmiity of combining green-manuring ' with broad- 
casting. 

As the above experiments were conducted on small areas it was 
decided in 1920 to carry out the same experiment on a field scale 
and for that purpose nearly eight acres of similar land was divided 
into two plots of nearly four acres each. In one of them paddy seeds 
were bioadc^ted at the rate of 30 eeers per acre. L\the other, 7| 
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seers of dhaineha seeds were mixed with 30 seers of paddy seeds per 
acre and broadcasted. At first the plot in which only paddy seeds 
were broadcasted looked very well while the plot in which dhaineha 
and paddy seeds were broadcasted looked as if the paddy seedlings 
were going to be completely destroyed by the overgrowing dhaineha 
plants. At the time of hemhaning the dhaineha plants were buried 
in the soil. From this time onward the paddy plants in the plot 
which had the dhaineha began to look healthier, and when the crop 
was harvested and weighed it was found that the plot which was 
treated with dhaineha gave an yield of 2 maunds and 14 seers of paddy 
per acre in excess over the plot w'hicb w^as not so treated. 
All the operations were similar in both the plots. Most of the 
dhaineha plants were bmied in the soil in heushaning ; the extra cost 
of burying those which were not buried in that process was counter- 
balanced by the smaller cost of weeding as the dhaineha plants 
prevented the growth of weeds. This is a simple process which can 
be practised by any cultivator. The only extra cost involved in 
the operation is the price of dhaineha seeds. But every cultivator 
can grow a few dhaineha plants in the odd corners of his field or 
alorg the ails and thus save the cost of seeds. The rate of dhaineha 
seeds whicih may be mixed with paddy seeds may vary from 5 to 
7^ seers per acre. The rate of paddy seeds may also vary from 30 to 
40 seers per acre. [S. K. Basu.] 

* ♦ 

GINNING PERCENTAGE OF COTTON IN ITS RELATION 

TO SEASON. 

Tn vol. XV, pt. V, of this Journal, Mi\ Thdmpstone published 
a note on the ginning percentage of cotton in its relation to season, 
and enquired what had been the experience of others. The observa- 
tions made by the writer indicate that the ginning percentages have 
a bearing on season in Khandesh also. The shorter the rainfall, the 
lower the ginning percentage ; and normal the rainfall, the nearer 
it is to the average. This fact has been observed at Dhulia and 
Jalgaon farms in West and East Khandesh where neglectums are 
grown. Dhulia has got an average rainfall varying from 18-20 
inches and Jalgaon about 28 inches. The following statement 
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summarizes the observations for three seasons at Jalgaon and two 
seasons at DhuUa : — 


^ . j.- ^ Ginning percoutiKe iu 

Giniuiig peroentiKc in diffprent different years at 
years at Jalgaon Farm Dhulia Jarm 



1918-19 

1919-20 

1920.21 

191011 

191213 

0. neglwtum rosea 

36-75 

37-60 

36-71 

37-4 

33-40 

^0, negleciutn rosea cutchica 

38-25 

40-25 

38-30 

36-3 

31-75 ■ 

0. negUcinmvera 

31-50 

33 68 

32-87 

27-1 

24-G2 

0, negketum vera malvenais 

1 29-70 

32-18 

30-87 

25-1 

23-10 

Rainitall in inohefi 

i 15*94 

33*17 

13-53 

32-51 

9-90 


At Jalgaon tlie ginning percentage fell in the year of scarcity 
from 0'76 per'cent. to nearly 2 per cent, and at Dhulia from 2 to 
6 per cent. [B. P. Vagholkar.] 

* 

* * 

GOST OF PRODUCING COTTON IN U. S. A. 

The U. S. A. Department of Agriculture Bulletin 896 of< 
1920, on “ Cost of Producing Cotton ”, deals with the results (jf m 
examination of the cost of cotton growing on 842 farms represent- 
ing ten districts in the Cotton Belt, and relates to the crop year 
1918. It is calculated that the average cost of producing cotton in 
1918 was 23 cents per pound — varying from 8 cents to 107 cents — 
but on the bulk of farms the cost of production was below 28 
cents. The average price received by farmers for their 1 91 8 cotton 
.estimated at 29 cents per pound, and 80 per cent, of the cotton was 
sold at prices between 26 and 32 cents, the extreme range being 

from 20 to 43 cents. [B. C. Btjrt.] 

* 

♦ ♦ 

EARLY ARROWING OF SUGARCANE. 

In view of the general interest of the subject, we reprint from 
“ Sugar ” the following note on “ the premature going to flower of 
the ^arcane ” : — 

“ Diffdirent theories have been advanced as to the causes and 
efieots of th& premature going to flower of the sugarcane. According 
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to some, this depends on the method of planting ; according to 
others the cause must be sought in insufficient nutrition, lack of 
fertilizer, and any other factor that slackens or retards the develop- 
ment of the cane ; while, according to another theory, the flowering 
is hastened by an active growth, and especially by an excess, of 
nitrate. However, none of these theories can explain the different 
circumstances observed iff the case of prematurely flowering 
canes. 

“ De Grobert now gives, in the ‘ Bulletin de T Association des 
Chimistes de ^France,’ the observations of Labarthe, who came to 
the conclusion tfiat the premature flowering of the cane is due to a 
disproportion between the amount of water absorbed by the roots 
and that given ofi by the leaves. It follows that the flowering is 
favoured by all factors that either increase the absorption of water by 
the roots, or decrease the number or activity of the evaporating parts 
of the plant. When, at the beginning of summer, the moisture 
of the soil decreases, while the temperature of the air increases, the 
warm wind blows, or when the contents of the air in water-vapour 
' change rapidly, the layer of cells forming the surface of the leaves 
becomes thicker, the openings become smaller and less in number, 
and the evaporation is insufficient. The growth of the cane then 
Incomes slower, and the tendency to flower appears as the plant 
adapts itself to new evaporating conditions. 

“ In these conditions, planters at times endeavour to remedy 
the evil by irrigation, but this can have a favourable or an unfavour- 
able effect, according to the development of the roots. When the 
soil is poor in nitrogen the roots are stroiig, they absorb the water in 
larger amounts, and the formation of flowers is hastened ; while in 
the case of soils rich in nitrogen, the roots are not much extended, 
the absorption of water is smaller, and the growth becomes again 
normal, that is to say, new leaves are formed. 

“ In investigating the effect of an excess of moisture on the 
development of the flowers, due to rise of the water level in the soil, 
or to strong rains, etc., Labarthe came to the surprising condition 
that too much moisture in the soil favoius the flowering, and that this 
favourable infliuence is stronger in the case of muckdev^oped roots. 
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This last lemark does not agree mth the other conclusions of Labarthe 
and calls for additional researches. 

“ Begarding the effect of the flowering on the composition of 
the cane, Boname had stated that the sugar contents of the cane 
ren^ain stationary from the moment of appearaixce of the flowers* 
while Vandeighem, confirming the statement of Boname, added that 
canes going to flower contain less juice! Labarthe found that canes 
gone to flower contain a juice poorer in sucrose and richer in 
glucose.* The weight of the crop ip less, and as it contains less 
juice, the yield is also smaller. Lubarthe, who carried out his tests 
in Peru, concluded that the Bourbon cane is less given to flowering, 
that the planting should be close, good nitrogen fertilizers should be 
provided and the irrigation should be kept within limits. De 
Grobert considers it of interest to investigate whether the causes 
discovered by Labarthe do not also apply in the case of beets going 
to flower.” 

*•• 

SUGAR TARIFF IN THE UNITED STATES OF AMERICA. 

“ The West India Committee Circular, ” dated the 21st July,* 
1921, has the following note on the proposed tariff legislation tn the 
United States of America: — 

“ The Permanent Tariff Revision Bill, introduced into the 
United States House of Representatives on June 29th last, is an 
extremely important measure, inasmuch as it shows a tendency on 
the part of America to modify to a considerable extent the fiscal 
attitude towards other countries which has characterized it of recent 
years. This is seen in the provisions which have been introduced 
into the Bill at President Harding’s request to enable the President 
of the United States to adjust tariff rates with foreign countries, 
giving reciprocal trade advantages to the extent of 20 per cent, 
of the existing duties, or to enter into commercial treaties, when 

* does not agree with the oonolnsion arrived at by other oheenr'em. As Dr. 
Barber points out in bis roviow of the paper in the /niemoftofioZ Jowmal, August 
L921» in most oases other observers have oome to the oonoloaion that onoe the flowering 
stagelELas set the jnioes remain more or less constant : growth however ooases and there ^ 
is less of it bat the jaio 3 m%y even bd richer in sucrose than in those plants which oontinue 
their growth ui^terraptedly. [K. D. N.] 4 
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ratified by the Senate and approved of by Congress, placing the 
natural products of any country on her free list. As regards sugar, 
although the Bill contains the same tariff as that in the Emergency 
Tariff recently passed, it contains an important addition in the 
shape of the following clause : — 

“‘Any person manufacturing or refining in the United -States 
sugar, testing by the polariscope over ninety-nine degrees, produced 
from beet or cane grown in the continental United States, shall for 
each pound so manufactured or refined during any month in any 
State, Territory, 9 r the District of Columbia, be permitted to import, 
at any time before the expiration of nine months after the last 
day of such month (for the sole purpose of being manufactured or 
refined by him in such State, Territory or District), two pounds of 
sugar testing by the polariscope not above ninety-six degrees, at 
three-fourths the rate of duty to which such sugar would otherwise 
be subject.’ 

“ The present domestic sugar production of the United States is 
about 1,100,000 tons, and the clause opens up the possibility of 
^2, 200,000 tons of refining sugar being introduced at a relatively low 
rate erf duty. The object of the clause is primarily to develop the 
domestic sugar production by cheapening the cost of production 
through enabling the factories to be used all the year round. Last 
year’s crop consisted of 166,000 tons of cane sugar from Louisiana 
and Texas, and 960,000 tons of beet-sugar from the Western States. 
The sub-tropical cane industry of the first named States does not 
admit of much in the way of expansion ; consequently, the effect of 
the clause, should it come into operation, will be to give a substantial 
stimulus to the already considerable beet-sugar industry, for which 
large and suitable areas exist. It will be the old story of the 
competition between beet-sugar and cane-sugar, with the venue 
changed from the Old World to the New. A secondary purpose 
indicated in the clause is that of the development of the 
manufacture of high class direct consumption sugars without the aid 
of the refiner.” * 

It will be seen from the above that the discrimination'' shown to 
manufacturers <or refiners of home-grown sugar pemutting them to 
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import double the quantity of raw sugar at a lower rate of duty will 
enable them to work all the year round and will result in reducing 
their overhead charges per ton of sugar manufactiued or refined, 
thereby cheapening the cost of production and so strengthening their 
position. It is, however, obvious that this principle is of value 
only .where the import duty is quantitative and not ad valorem. 

[KAsanji D. Naik.] • 

♦ 

♦ ♦ 

LOUISIANA SEEDLING CANE NO. 511. 

In the Report of the Louisiana Agricultural •Station for 1920, 
it is stated that the juice from the LSll seedling contained 14'76 
per cent, of sucrose as compared with 12 per cent, for D74 and 11 ’75 
for the “ purple ” cane. This seedling also showed a marked resis- 
tance- to the. mosaic disease. It should be remembered that, on 
account of the short period possible for growth, only nine months in 
Louisiana, the cane juice there luvs always a comparatively low 
sugar content. Should Lsi 1 continue its promise, it should prove 
of great benefit to the Louisiana industry. • 

This variety was imported in India at the Oane Breeding 
Station, Coimbatore, as early as 1916, chiefly for the qualities of 
early ripening and high sucrose content, but its germination and 
growth have so far been thoroughly unsatisfactory there. 

Fiji B, however, behaved in the same manner at first but has 
subsequently been found to be a very good cane for South India. 
Further trials would therefore seem necessary before condemning 
L511 as unsuitable for any part of India. [Kasanji D. Naik.] 

♦ 

* * 

SOILS OF CUBA. 

In view of the position of supreme importance which C'uba has 
attained dming recent years as the largest producer of sugar (nearly 
4,000,000 tons) in the world, any information on the condition of 
the soils in the various parts of Cuba will probably be of interest to 
many readers of “ The Agricultural Journal of India.” We, there- 
fore, make no apology for reproducing in extenso the following* 
extract on subject from “ The Cuba Review ” of May 1921. 
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“ There is no doubt that the almost universal impression among 
those not familiar with the details of Cuba’s agriculture is that her 
soils are rich beyond imagination, and that, as a consequence, the 
use of fertilizers would be superfluous. There is no doubt also that, 
broadly speaking, there was a period in Cuba’s history when by far 
the largest part of her area was covered with immense virgin tropical 
forest, and that at that time the use of fertilizer or even that of 
cultivation in order to further the growth of crops was non-essential. 
Even yet there are to be found in various parts of the Island, 
especially in tlvj three eastern provinces, Santa Clara, Camaguey and 
Oriente, areas ol land covered with the virgin forest which met the 
view of Columbus as he sailed along the Island’s northern shore, and 
here, when these lands are cleared of the timber and small growth 
covering them and are planted to cane or other of our crops, the 
use of fertilizer is unnecessary and years pass by without their 
becoming impoverished. But in the three western provinces, 
Matanzas, Havana and Finar del Rio, and also, in many parts of 
the province of Santa Clara and in some of the older parts of 
’Camaguey arid Oriente Province, cultivation of the same crop, 
sugareane, has been carried on continuously for so very many years 
without the return to the soil of the plant food removed therefrom 
by the crops grown thereon, that the use of fertilizers and of tlie 
more modem and careful agricultural practices connected therewith 
are imperative, if reasonably abundant returns are desired from the 
labour put forth. 

“ It is also a fact that scattered throughout the Island practically 
in all provinces, but especially occurring in the central portion of 
Camaguey Province, the east-central of Santa Clara Province, the 
west-central of Matanzas Province, and in a very large area in the 
central and western portions ,of Pinar del Rio Province, there are 
foimd large bodies of land which apparently have never been covered 
by forest and whose fertility has always been veiy much lower 
than that of the wooded areas surrounding and adjacent to them. 
In the periods of ordinary agricultural activity in Cuba, these areas 
> of soil have been avoided by the native agriculturist, but 'in periods 
of great profit Jrom certain crops, small portions of thes^ a^eas have 
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been utilised, advantage being taken of the benefits to be derived 
from manuring ; and the gradual improvement through cultiva- 
,tion and manuring have transformed considerable bodies of these one 
time useless lands into soils of moderate fertility which respond 
bounteously to proper agricultural treatment. Erpecially has this 
been the case in the tobacco lands of central and western Pinar del 
Ricf Province, where the small farms on which the tobacco has been 
grown have gradually extended in area through the gradual 
improvement of the lands immediately surroimding the small 
wooded areas where tobacco was o. iginally planted -and where the 
finest quality of leaf is still produced. It is also* true that consi- 
derable areas of the light, red, porous “ savannah ” of Matanzas 
Province have been rendered valuable through the use thereon of 
high grade fertilizers in abundance, so that during the last two or 
three years of high or acceptable sugar prices the profits taken 
from these not long ago ‘ worthless ’ soils have been great. 

“ That proper conclusions may be arrived at by the investigator 
into the possibilities of the fertilizer industry in Cuba, a resum4 of 
the soil characteristics found in the various provinces of the Island* 
will be helpful. In Ifinar del Rio Province, in the extreme western 
portion, is found a small body of red land, in places a sandy loam, 
in others a heavier clay imderlaid with limestone, which in many 
places appears above the surface as the well known ‘ dog-tooth ’ 
rock formation so prevalent in many localities in Cuba. The 
lighter of these soils have been devoted for many years to tobacco 
growing, and have proved to be excellently adapted to the production 
of Irish potatoes, onions and other vegetables, and the use of fertilizer 
on all these crops has proved profitable. .Irrigation water can be 
obtained in great abundance and at no great depth, so that the 
conditions for growdh of these crops during the dry season are 
favourable. To the east of the Cuyaguateje river are found very 
large areas of true sandy loams, in all of which the use of fertilizer is 
essential in order that profitable crops be secured. To the north of 
the mountain range, extending practically whole length of the 
province and to the south of the central plain in which the sandy « 
loaqlB.just^i: 9 fexred.to occur,^ jure found huge Ju^aS'^f -black- heavy 
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clay soils, very fertile in their original state, now in places exhausted 
on account of the loss of the organic matter originally held by them, 
on which the use of fertilizers has not conclusively shown profit. 
Farther east in the central portion of the province and extending into 
Havana and Matanzas Provinces, are large areas of red soil of two 
classes, one a heavy clay, the other a lighter pervious clay, both 
varying in depth from only » few inches overlying the limestone^ a 
great many feet, both extremely productive in their original condi- 
tion and even to-day, under the proper use of irrigatii^ water, 
capable of producing, even without fertilizer, very acceptable crops. 
On the heavier oTi these red clays, the use of fertilizer has frequently 
been shown to be profitable, but as frequently the increase in the 
crop due to the fertilizer has not offset its cost ; but on the rather 
more pervious red soils, known in Cuba as ‘ terreno Colorado de 
polvillo,’ failure to obtain profitable results from the use of- fertilizer 
accompanied by normal care in cultivation has been very rare, and 
can be traced usually to the faults of the agriculturist himself. 
Interspersed throughout these large areas of red land are found 
•quite large bodies of soils of heavier type and of colours varying from a 
deep .black through brown to yellow on which the profitable use of 
fertilizer is a question of locality, as only by experiments carried out 
on individual farms can the advisability of the use of fertilizer in each 
farm be ascertained. 

“ The province of Santa Clara generally consists of more ■vnrgin 
soils than those being farmed in the three western provinces. In the 
western portion of this province occur considerable bodies of the red 
soils which we have just mentioned, and these respond abundantly 
and surely to the use of. fertilizer ; but there are also found in this 
province very large areas of land, some of which have been imder 
continuous cultivation for a great many years, and in which, due to 
their physical characteristics, the use of the ordinary commercial 
fertilizer has been shown to be unprofitable. These soils are 
uniformly of a very heavy type, are usually underlaid by a rather 
impervious clay, and through the many years of cultivation without 
, the return to them of the organic matter which has been removed 
from them, have become inert mineral masses, the impi^vemeht of 
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wMcli is possible only through the mingling with them of large 
quantities of coarse materials such as the refuse of our filter presses 
‘ cachaza,’ stable manure, and the ploughing under of several 
leguminous crops. Even after this is done, these soils go back very 
rapidly to the condition in which they were found before this 
improving treatment, and it is generally acknowledged that about 
the* only method to obtain fairly satisfactory results from their use is 
to prepare them thoroughly and after planting to give them the 
very best of cultivation. In the central portion of this province 
there is found quite an area of rather heavy sandy clay soils, 
very poor and lacking in drainage, on which thh use of fertilizers 
accompanied by the proper agricultural methods has given good 
results. • 

“ Camaguey Province varies in soil characteristics perhaps as 
much, if- not more than any other province of the Island. Here 
lines of transportation have been established only within the last few 
years, so that five years ago there was a vast forest area occupying 
her northern ’shores, and there is still to-day a similar large forest 
area covering the lands between the Cuba Railroad and the south 
shore, broken only where plantings have been made for thg sugar 
mills established to the east of Ciego de Avila during the last three or 
four years of high sugar prices. In the extreme ■western portion of 
the province and extending to the east of Ciego de Avila, and pretty 
well along the entire north coast between Moron and the Maximo 
river, is foimd a body of red land in many places of great depth of 
wonderful original fertility, but which is already beginning to feel 
the need of fertilizers and on which these’ can be and are being used 
with profitable results. Similarly, in the lighter lands of the central 
plain, there are considerable areas on which the use of fertilizers is 
commercially profitable. 

“ Only Oriente Province is left to be considered. As a whole 
the province is very new from an agricultural standpoint. In the 
Guantanamo district, however, quite a number of sugar mills are 
located ■within a limited area, compelling their owners to make the 
most intense- use possible of the lands subject to their control, with, 
the'result that here the fertility of the soil has been^greatly reditc^ 
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and the necessity for restoring to it the pliant foods removed has bten 
recognized for some time, and we understand that quite satisfactoiy 
results have been obtained from the use of fertilizers in particular 
classes of the soil in the Guantanamo Valley. However, it is 
doubtful whether the use of fertilizers on 90 per cent, of the soils 
of this province will ever prove profitable, as they consist mostly of 
the heavy black types underlaid at no great depth with a more or 
less impervious clay, which have resisted all attempts to improve 
their crops through the application of fertilizers. 

“ From thp above, a brief summary indicates that the areas of 
land which respdhd to the proper use of fertilizers are as follows : — 
A large portion of the province of Pinar del Rio, especially south and 
east of the moimtain range ; a considerable area in Havana Province, 
this consisting mostly of the lighter type of red soil ; a very large 
percentage of the province of Matanzas, consisting also of varying 
qualities of red soil ; a considerable area in the western portion of 
Santa Clara Province, and a small area in the central portion thereof ; 
similarly a considerable area in the western portion* of Camaguey 
Province, some small areas along the north coast near and to the west 
of JLa ^Gloria, and an area of considerable size in the central plain of 
this province ; and in the Guantanamo Valley a small area of lands 
long devoted to the cultivation of sugarcane. ” 

A VAST COTTON-GROWING PROJECT. 

“ The New York Times ” recently published an article of imusual 
interest from the pen of Mr, Arnold Krukman, Secretary to the 
League of the South-West, on the reclamation of three million acres 
of desert land in New Mexico, Arizona, California, Nevada, Colorado, 
Utah and Wyoming. It will involve the harnessing of the Colorado 
river now flowing for 1,200 miles through a series of chasms of which 
the best known is the Grand Canyon. It is proposed to build a huge 
dam at l^ulder Canyon to ^igate this vast area which is the only 
section of North America suited to the growth of long-staple cotton, 
'Sueh as is now grown in Egypt and the Soudan. This is the fibre 
used in tiie -doljh for covering airplanes and for mptor tyres. The 
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f la m will enolose a volume o£ water equal to the entire flow of the 
river for two years. The engineers in the United States have already 
a wide experience in works of this kind, and we may look forward 
with confidence to the accomplishment of the work and to the 
efiects it will have on the markets both for cotto^ and for labour. 
The United States has already reduced the average of land usually 
placed under cotton, partly owing to the ravages of the boUworm and 
partly to the difficulty of procuring labour in the picking season. 
This latter is at times so acute as to call for the aid of all the day 
schools to make up a sufficient iicldng staff. W»ges, of course, 
mount on such occasions. The cotton-picking n&chine, that has 
cost such large sums in experiments and has so often seemed to 
have overcome all difficulties, is still elusive and awaits the arrival 
of a fresh and original brain that, after careful study of the problems 
in the’field, can strike the happy medium between the work as shared 
by the human intelligence directing the machine and the mechanism 
doing the work. If the crop were ripe all on one day and the field 
could be piclced bare at one pass like a wheatfield, the problem 
would be simplified. But this is not the case. In the season of 
1920 - 21 , according to the report of the Shepperson Compaiiy, the 
acreage under cotton in the United States was 35 , 604 , 000 . An 
addition of 3 million acres would be equal to nearly 8 | per cent, 
so that the labour supply question may become more acute than ever, 
especially as the collection of the crop represents only a seasonal 
demand. [The Indian TeostUe Jownal, XXXI, no. 370 .] 

**♦ 

UTIUZATION OF COTrON STALKS. 

An interesting article in “ The Bulletin of the Imperial Institute” 
(XIX, 1,) deals with the problem of the commercial utilization, 
in cotton-growing countries, of the vast quantities of cotton stalks 
which are produced each year and have to be removed from the 
fields after the cotton crop has been gathered. Investigation at the 
Imperial Institute has shown that the -stalks form a promising 
material for paper-making and that they might also be used for ' 
obtaining apetio acid, tai and charcoal by a process of /iry distUlation. 



A<JRlCtJl.TUllAL ^OtJRNAl. Of INDIA [XVI, Vl. 


•(te 


CALCIUM MALATE FROM WASTE APPLES. 

Some time ago, writes the United States Consul at Yarmouth 
(Nova Scotia), there appeared in the columns of a local newspaper 
an article on the discovery at Annapolis of a method of extracting 
by-products from waste and otherwise useless apples. A further 
press report has now appeared, which states that it has been found 
that even the most intensely acid and usually worthless apple 
may be so treated by a simple process as to yield syrup which has 
been pronounced eminently desirable as a basis for other concoctions 
not hitherto s<5 well supplied. And not only is this syrup valuable, 
but another by::product has become evident in deposits of calcium 
malate, the same article as is derived from maple synip and known 
as sugar sand. Before the war, the Germans bought this iip exten- 
sively in Quebec at Jl'60 or more per pound as a source of malic 
acid. The process is being carried on in two evaporators and may 
lead to the development of an entirely new industry in Nova .Scotia. 
The Consul adds that experiments are still going on, but that at 
present no further details will be made public. [Journal of the 
*Royal Society of Arts, 3586.] 

*% 

IMPORTATION OF PLANTS INTO THE UNITED KINGDOM. 

The British Ministry of Agriculture and Fisheries has issued a 
Destructive Insects and Pests Order to ensure that only healthy 
plants are imported into the country. The Order, which comes 
into force from 1st October, 1921, prohibits the landing in England 
and Wales, from countries outside the British Isles and the Channel 
Islands, of all living plants with a persistent woody stem above 
ground; and parts of the same, except seeds, when for use in 
propagation such as fruit trees, stocks and stools, forest trees, and 
ornamental shiubs and grafts, layers and cuttings thereof ; 
all potatoes ; tubers, bulbs, rhizomes, corns and hop stocks for 
planting ; seeds of onions and of leeks for sowing ; and gooseberries I 
unless each package thereof has attached thereto, or is accompanied 
"by a copy of a certificate issued at the time of packing ‘by a duly 
authorized offipial of the country from which it is expoi;ted, to the 
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effect that the consignment is 'healthy and free from injurious 
insects and pests. In the case of potatoes the certificate must also 
declare that “ Wart ” disease lias not occurred on the place wliere 
the potatoes were grown, nor within 500 yards thereof, except in 
the case of new potatoes. 

The inspection must be made not more than 30 da 3'^8 prior to 
the date of despatch, and the certificate* must state that the plants, 
seeds, etc., are healthy as regards common pests generally and 
particularly the following : — 

Fruit Tree Cankers (pri/duc-.d by Necfria ditissima, Tul. or 
any species of Monilia). 

Silver Leaf {Stereum purpureum, Pers.). 

Black Currant Mite {Eriophyes ribis, Nal.). 

Woolly Aphis (Eriosoma lanigemm, Hausm.). 

All Scale Insects (Coccida}). 

Bro\vn Tail Moth (Nygmia phoeorrhaia, Dan. (Eiiprwiis 


Khododendron Fly {Leptobyrsa {Stephanitis) rhododendri, 
Horv.). 

Potato Blackleg {Bacillus atrosepticm, Van Hall). » * 

American Gooseberry Mildew {Sphwrotheca mors-vvu', (Schw.) 
Bk. et Curt.). 

And also that, they are free from the insects and pests specified 
below : — 


Black Knot of Plum and Cherry {Ploiorightia morbosa, 
Sacc.). 

^ * 

Pear Blight {Bacillus amylovorus, De Toui.). 

Chestnut Canker {EridotJiia parasitica, (Murr.) Ander and 
Ander.). 

Wart Disease of Potatoes {Synchytrium ertdohioticum, Perc.). 
Onion and Leek Smut (Vrocystis Cepulai, Frost). 

Downy Mildew of Hops. {Peronoplasmopara humulim, Miy. 
et Taka.). 

Insects. • ' 

* Vine. Louse {Phylloxera mstatrix, Planch.). ^ 



9M - AOBIOOLTOSAL JOXmNlL OF INSIA 1^. 

r ‘ _ 

American Apple Capside {Eetefocordylus maUnus, Bent, and 
Lygidea mendax, Bent.). 

Pear Tingid {Siephanitis pyri, Fab.). 

Colorado Beetle {Leptinotarsa decenUineata, Say.). 

Plum Curculio {Conotrtushdus nenuphar, Herbst.). 

Potato Moth {J^Wmirma opermlella, Zell.). 

American Lackey Moths {Malacosoma americana, Fab.,*und 
M. diestria, Hubn.). 

Oriental Fruit Moth {Cydia molesta, Busck.). 

San Jose Scale {Aspidiotus pemidosus, Corast.). 

Japanese iFruit Scale {Diaspis pentagona, Newst.). 

Apple Fruit Fly {Rhagoletis pmnonella, Welsh). 

Cherry Fruit Flies (Rhagoletis cerasi, Linn., R. dngukUai 
Loew., and R. fausta, Osten Saken). 

Gooseberry Fruit Fly {Epochra canadensis, Loew.). 

The certificate should be forwanied to the “ Horticulture 
Division, Ministry of Agriculture and Fisheries, Whitehall Place, 
London, S.W.l,” at the time of issue, and a copy affixed to each 
’package in the consignment. 

INHERITANCE OF QUANTITT AND QUAUTT OF MILK 
PRODUCTION IN DAIRY COWS. 

[Castle, W. E., in the Proceedings of the National Academy of 
Sciences of the United States of America, vol. V, no. 10, pp. 428- 
434. Washington, October 1019.] 

In 1911, Mr. T. J. Bowlker undertook, at his farm in Framin- 
gham (Massachusetts), an experimental study on a large scale of 
inheritance in dairy cows by the modern method of crossing pure 
breeds and looking for a combination, in the 2nd cross-bred gener- 
ation, of the characters differentiating the breeds used in crossing. 
The breeds which he selected for trial were the Holstein-Friesian 
(which surpasses all others inthe quantity of milk produced) and the 
Guernsey, which is distinguished for the quality of its milk. He 
started with the idea that, if the quantity and quality of milk 
production were independently inherited oharactiers, it should be 
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possible to combine them in a single breed by cross-b? jeding, in 
accordance with Mendel’s laws. The experiments were continued 
at Framingham up to 1919, and will be carried on by the University 
of Illinois. 

The Holstein cows were mated with a Guernsey bull and the 
Guernsey cows with a Holstein bull. Altogether, between 1912 
and? 1919, 140 calves were produced ; by mating Fi bulls, 35 
living Fj calves were obtained, all vigorous aud jrell grown. The 
Fi cows calved for the first time at slightly earlier age than the 
cows of either pure breed, which is evidence of their vigour and 
early maturity. * 

The following data have been taken from the tables shoiwng 
the milk and butter-fat production for the 1st and 2nd lactation 
periods of the pure bred cows and of those cross-bred : — 


Milk and hitter-fat production of cows of pure Holstein and Guernsey 
breeds and of cows bred by crossing them. 


Brood 

Number of 
cows 

Average age 
at osdving 

Average 

1 quantilv of 
milk produced 

Percentage of 
butter-fat 

Average 
quantity of ^ 
butter-fat 
prc^uced 


i 

laetaticn ^riod. 



1 


years 

lb. 


lb. 

Holstein 

25 

2-8 

7,673 

3-4 

261 

OueniHoy 

8 

2*7 

4,617 

6*0 

230 

Fi oroBs-brod 

31 

2*6 

6,612 

4*08 

270 



2nd laeiatwn peHpd. 





years 

lb. 


lb. 

Holstein 

20 

4 

9,475 


322 

Quemsoy 

8 

3-8 

6,593 


280 

Fi orosB-brod 

18 

3-0 

8,663 


363 


In the 1st lactation period, and still more in the 2nd, the F, 
cross-bred cows gave results' superior to the mean between the 
results giv^n by the pure breeds producing them }}oth as regard 
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tlie quantity of milk and fat. But the record of variations relatively 
to the mean in the case of F, cross-bred cows must be awaited, unless 
the quality and the quantity of milk production are transmitted 
by independent factors ; in that case it should be possible to 
combine them and to obtain inheritance transmissiqn. 

The two reciprocal crosses differed very slightly, and inversely 
in the two lactation periods'; it seems, therefore, unlikely that any 
sex-linked factons are concerned. [International Review of the 
Science and Rradtice of Agriculture, February 1920 .] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC 


Mb. B. C. Burt, M.B.E., B..i-o., F.C.S., Secretary, Indian 
Central Cotton Committee, Bombay, made over charge of the 
current duties of his office to the Agricultural Adviser to the Govern* 
ment of India on the 19th August, 1921, and proceeded to England 
on deputation. 

* 

* 4t 

Mr. M. Wynne Saver, B.A., Secretary, Sugar Bureau, was nn 
privilege leave for two months from the 25th August, 1921. 

**♦ 

Mr. J. F. Dastur, M.Sc., Offg. Second Imperial Mycologist,, 
was on privilege leave for one month and 14 days from the 22nd 
August, 1921. 

Mr. H. C. Sampson, B.Sc., has been appointed, on return from 
leave, to act as Director of Agriculture, Madras. 

t 

* * 

. Mr. F. Ware, M.R.C.V.S., on return from leave, is reposted 
as Superintendent, Civil Veterinary Department, Madras. 

♦ 

♦ ♦ 

Mr. B. S. Patel, who has been appointed Deputy Director of 
Agriculture in the Indian Agricultural Service, has been posted 
to do duty as Associated Professor of Animal Husbandry and 
Dairying at the Agricultural College, Poona. 

* 

A * 

'Mb’ Ganua Singh Cheema has been appointed Horticulturist , 
to tSe Government of Bombay. 
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Mb. M. H. Sowbbby, M.R.C.V.S., Assistant Principal, Bombay 
Veterinary College, has been granted an extension of furlough for 
two months. 

* 

* * 

Mb. K. McLean, B.Sc., Ofig. Fibre Expert, Bengal, has been 
allowed combined leave for one year with effect from the JlSth 
October, 1921. 

Mb. a. D, McGbegob, M.R.C.V.S., whose services have been 
placed at the jiisposal of the Government of Bengal, has been 
appointed Superintendent, Civil Veterinary Department, Bengal. 

♦ 

♦ 

Mb. P. J. Kebb, M.R.C.V.S., has been appointed Second 
Imperial Officer, Bengal Veterinary College. 

Mb. C. a. H. Townsend, I.C.S., Director of Agriculture, Punjab, 
has been nominated a Member of the Legislative Assembly. Mr. 

* Townsend has resigned his seat on the Punjab Legislative Council. 

' ‘ ♦ 

* * 

On return from leave, Lieut.-Colonel G. K. Walkeb, C.I.E., 
O.B.E., has resumed charge of his duties of Principal, Punjab 
Veterinary College, Lahore. 

Mb. C. J. N. Cameron, M.R.C.V.S., Third Superintendent, 
Civil Veterinary Department, Burma, has been granted an 
extension of furlough for four months. 

♦** 

Db. R. j. D. Gbaham, Economic Botanist to Government, 
Central Provinces, has been granted combined leave for 20 months 
from 20th October, 1920. 

*% ■ 

Mb. R. H. Hill, Assistant Director of Agriculture, Jubbulpore, 
has been transferred to Chhindwara. 
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Mr. J. C. MgDougall, Assistant Director of Agriculture, 
Nagpur, has been transferred to flaipur. 

* * 

Mr. S. K. Mitra, Economic Botanist to the Uoverument of 
Assam, is appointed to be an additional corresponding member of 
the Assam Advisory Committee for Indian Students proceeding to 
England. 
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Handbook of Spinning Tests for Cotton Growers. — By W. Lawrence 
Balls, M.A., Sc.D, Published by Messrs. Macmillan & Co. 
for the Fine Cotton Spinners’ and Doublers’ Association, 
Research Department. 

In his book “ The Development and Properties of Raw Cotton,” 
Dr. Balls ends with a plea for the scientific study of cotton as a raw 
m.aterial for spinning. He shows there that even the most expert 
grader or broker may be entirely mistaken as to the spinning value 
of a new or unfamiliar cotton, and that such terms as length of staple, 
strength and fineness are not the simple physical characters which 
'these tenns suggest. In his present book written after several 
jvara’ close application to the study of the “ spinning characters ” of 
cotton, he enters an even stronger plea for further study of the cotton 
fibre in relation to spinning, and we cannot do better than quote his 
own words. 

“ The fact that the Cotton Industry, when properly 
so called, includes the grower as well as the spinner, and the further 
fact that neither of these halves can work efficiently in a water-tight 
compartment of knowledge, is best illustrated by considering the 
case of a cotton-breeder who has been instructed to produce a new 
cotton. ” 

“ The advances in method and knowledge made during the 
past decade have reduced the operation of cotton-breeding to a 
comparatively straightforward process in so far as the isolation and 
purification of strains from impure commercial varieties is concerned. 
So long as the breeder is dealing with characteristics which influence 
the agriculture and yield of the crop, he is able to 'woric on well- 
marked lines ^to definite objectives. But since cottpn is ^wn 
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solely in order to be spun, it is . most deplorable Ibat the foresight, 
time, concentration and labour ei^ended on the breeding of any 
single cotton should be devoid of any purpose or meaning so far atf 
the spinner, who uses the cotton, is concerned. 

“ It is the fault of thespmner that this absurd situation exists • 
The technical knowledge of spinning is far less advanced than that of 
agriculture in general and of cotton groyning especially. All that the 
spiAner can prescribe to the cotton-breeder who is preparing a 
course of experiments is a vague recommendation to provide 
‘ fineness ’ (which is undefined) ‘ length ’ (which is uncertain) and 
‘ strength ’ (which has three different meanings). * 

“ Seeing that the cotton-breeder must necessarily start work at 
least three years, and commonly five years, before he can produce 
even a small sample of cotton for testing purposes, the prospect of 
utilizing the scientific knowledge of the cotton-breeder deliberately 
to assist the cotton-spinner is, on these lines, very remote. 

“ For the moment, therefore, we resort to an empirical test, by 
allowing the cotton-breeder to produce whatever he can, confining 
his direct purpose to agricultural merits. Then when some two^ 
poimds of lint are available we subject it to the test of passage 
through a type of spinning machinery judged to be suitable, and 
measure the strength of the yam it makes, as well as the amount of 
waste removed. In most respects this test is eminently sound ; 
cotton is grown to be spun, and if it will not make good yarn it is not 
good cotton. But neither side is much the wiser after such a test. 
Tlie data on both sides are not analysed, and without such analysis 
there can be no generalization, so that ■ a new spimiing test has 
to be made for every new sample although such a test is an expensive 
process, requiring skilled supervision at all stages. 

“ If it were possible to supplement the data concerning pedigree 
and environment which the grower possesses, and the further data 
about spinning and yarn which the spinner can provide, by detailed 
physical, chemical, and biological study of the hairs themselves, it 
might be possible before long to dispense with spimiing tests except 
for* final corroboration. All the spinning properties of a cotton 
sample are the expression of measurable properties of the cotton 
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haira therein, mamiy physical, and probably capable of being 
condensed to less than a dozen numerical constants. Once these are 
determined and correlated on the one hand with spinning, and on the 
other with plant growth, the causes involved in spinning quality will 
be analysed out, and the breeder will be able to work to a definite 
objective in respect to quality as well as to yield. He will endeavour 
to procure cottons having sucji values for these measurable properties 
of the hairs as the spiimer — knowing then what he wants — will 
have demanded. 

“ Meanwhile, untU this aim has been achieved, the extending 
use of the spinning test is a definite advance on the two older 
methods which it, is displacing. The first of these was simply to 
propagate the new cotton into sufficient bulk to become a saleable 
product, and then to leave it to the decision of the market ; this is 
the direct test of economic value, as distinct from the intrinsic' value 
shown in a spinning test (which it in many ways resembles as being a 
direct determination of practical utility), but it took scores of bales 
where the latter takes pounds, and was therefore stow hnd expensive. 
The other metho<l was to submit small samples of the new cotton 
to the handling and judgment of an expert grader, and this is a test 
purely' of personal opinion. 

“ Since the spuming test came into sympathetic use, we have 
had so many cases of discrepancy between the opinion expressed by 
the graders and the actual result given by the cotton in tlie mill 
under repeated testing, that the grader no longer occupies a com- 
manding position in settling the intrinsic value of a new kind of 
cotton. Where a familiar commercial variety is concerned, tiie 
grader’s opinion still carries great weight, but with unfamiliar 
kinds, newly produced by the cotton-breeder, or grown under 
entirely novel conditions, the grader’s opinion is simply interesting. 
This applies to Alexandria, to Liverpool, and to the spinners them- 
selves in their preliminary handling. One case is on record where a 
sample graded as being almost hopeless came out at the head of a 
list of se\en in the actual spinning. It is clear that in the past not 
only have many new cottons been brought into cultiv^iUn hnd 
failed to justify good opinions, but also we may fairly dedufie a 
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conclusion that many more cottons which were intrinsically good 
have been condemned by the graders prematurely.” 

A clear account is given of the 'processes, as distinct from the 
machines, involved in modern cotton spinning, leading up to a detailed 
description of a routine for experimental spinning in Mr. McCoimell’s 
min which enabled an accurate result to be obtained in a cotnmercial 
miU*hom a two-pound sample as compared to the 100-pound sample 
pre>Hously considered necessary. In the chapter on the “ Defects of 
the Spinning Test ” Dr. Balls shows that the probable error of a 
spinning test can be reduced to 1-5 per cent. This is far less than 
the probable error of field experiments as usually carried out and, 
on the basis of the results obtained by Dr. Harland and Dr. 
Balk with checker-board plots, means that ten separate quarter- 
acre plots on the checker-board system would be required to 
secure • th,e same degree of accuracy. The author points out that 
the mill spinning test though accurate is extremely laborious and 
expensive, if properly conducted, and draws attention to the extreme 
importance of 'adequate field experiments before spinning tests are 
called for. , 

A thoughtful chapter on the interpretation of the results qf 
spiiming trials follows which clearly brings out the fact that the 
sjnnning test is essentially a stage in cotton research and that it 
does not mean that a new cotton will at once command its real value 
in the market. 

Under “Fundamental Data” the various cojistauts which are 
capable of measurement are dealt with, and suggestions made for 
further research. [B. C. B.] 

* * 

The Book of the Mango. — ^By W. Burns, D.Sc., and 8. H. 

PRAYAa, M.Aa, (Bulletin 103, Department of Agricidture, 

Bombay, 1920.) 

One of the difficulties in taking up agricultural investigations 
in India is to ascertain what has been done in the past and where the 
various results obtained by previous workers are to be found. One 
method ol overcoming this disadvantage ia for the investigators 
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tliemselres to prepare readable accounts of the present position in 
the more important Indian crops. The process involves great 
labour, considerable self-denial and a good deal of research into 
forgotten records. Nevertheless, the results are of great value 
and are an indispensable preliminary to progress. Such a presenta- 
tion has been made in the case of the mango by Dr. Burns and Mr. 
Prayag. In addition to a (ipnsideration of the records of previous 
workers, the authors have incorporated the results of their own 
investigations carried out at Poona and other places in the Bombay 
Presidency since 1908. While the bulletin is exhaustive and the 
whole subject hac been covered, particular attention has been paid 
to the various methods of propagation. The chapters on soils 
and on the flowering of the mango are also of more than local 
interest. One subject of considerable importance to mango growers 
in the plains is, however, only mentioned, namely, the belief that 
dahip weather at the time of flowering prevents the setting of fruit. 
From a casual examination of the flowers one would expect this 
result but no one seems to have studied this matter in sufficient detail 
JioT a period of years. Possibly the publication of this bulletin will be 
the means of suggesting this and a number of other interesting 
problems for investigation. While the results deal particularly with 
black soil conditions, this paper is of general interest and should be 
read by all interested in the development of fruit groning in India. 
[A. H.] 

* 

* * 

Sanitary Entomology. — ^Edited by W. Dwight Pierce. 1^. 

xxvi-f-SlS, 88 figs., 28 tabs., the Gorham Pi’ess, Boston ; 1921. 

Price $10 nett. 

This book originated in 1918 as a series of lectures delivered to a 
class of American entomologists fonned to study recent developments 
in the entomology of disease, hygiene and sanitation, for the purpose 
of equipping themselves for any special service which they might 
be called npon to render during the war. These lectures have now 
been revised and are issued in book form. 

The chapters on different subjects are written by 'various 
authors and deal with' entomological problems primarily front the 





municipal, industrial and household standpoints. Although 
written especially in connection with conditions in America, this book 
contains a valuable remm^ of information on the various subjects 
included under its title, and should be in the hands of all in India 
interested in such matters as the control of flies, mosquitoes, lice, 
cockroaches, bedbugs and other disease-canying Arthropods. 
[T-e-B. F,] 
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AGRICULTURAL MACHINERY TRADE IN INDIA. 

To THE Editor,' ^ 

The Agricidtuml Journal oj India. 

Sir, 

We have the honour to draw your attention to paragraph second 
on page 26 of “ The Scientific Reports of the Agricultural Research 
Institute, Pusa, for 1919-20.” The paragraph in question reads as 
follows : — 

“ The agricultural machinery trade in India *is at present in 
an unsatisfactory state. Makers have no direct representatives 
in India but aie represented by agents in the large towns. There 
are no stocks in the country and spare parts are increasingly difficult 
to get, and for these exorbitant prices are sometimes charged. For 
example, a bill was presented for Rs. 1,200 for s{)ares for a couple 
of reaping machines. Makers will undoubtedly have to contemplate 
the appointment of their own agents and the opening of depOts in 
up-country districts.” 

Following, as it does, a return of the working of the set of 
“ Fowler ” cable taclde which, has been in use at the Institute since 
1913, we fear that the remarks contained in the paragraph in question 
may be unjustly. applied by the reader to our own firm. 

This being the case, we have the honour to request that you 
will be good enough to correct any false impression which may have 
been created by informing readers, through the medium of “ The 
Agricultural Journal of India,” that we have been established in 
India for nearly fourteen years as a direct branch of Messrs. .John 
Fowler & Co. (Leeds), .Ltd., Leeds, England. The questiouuof 
/ • (716) 
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teclmical service and the proper maintenance of *an adequate stock 
of spare parts have always received our special consideration. The 
result is that our organization ensures that users of our machinery 
have at all times the benefit of expert advice as well as the satis- 
faction of knowing that they can obtain duplicate parts, when 

required, at the shortest possible notice, from our Indian stock. 

« • 

‘r • 

Sepiemher, 1921. Yours faithfully, 

Fob John Fowler & Co. (Leeds), Ltd., 

H. S. Sayeb, 

General Manayer fw hulia. 



NEW BOOKS 

ON AGEIC?ULTURE AND ALTJED SUBJECTS 

1. ■ British Insect Life : A Popular Introduction to Entomology, 

by E. Step. Pp. 264+32 plates. (London: T. Werner 
Laurie, Ltd.) Price, 10s. 6d. net. 

2. dhemical Disinfection and Sterilization, by S. Bideal and 

E. K. Rideal. Pp. vii+313. (London : E. Arnold & Co.) 
Price, 21s. net. 

3. Date and Date Cultivation of the ‘ Iraq,’ by V. H. W. Dowson. 

(Cambridge : W. Heffer and Sons, Ltd.) 

4. The Book of Nature Stories, by H. W. Seers. Pp. 266. (London 

and Sydney: G, G. Harrap & Co., Ltd.) Price;’ 5s. net. 

5. The Breeding and Feeding of Farm Stock, by James Wilson. 

Pp. 162. (London : Methuen & Co.) Price, 6s. net. 

The following publications have been issued by the Imperial 
Department of Agriculture in India since our last issue : — 

Memoirs, 

1. Investigations on Indian Opium. No. 1. Non-environmental 

Factors influencing the Alkaloidal Content and Yield of 
Latex from the Opium Poppy {Pjipmer somniferim), by 
Harold E. Annett, D.Sc. (Lond.), F.I.C., M.S.E.A.C., Hari 
Das Sen, M.Sc., and Har Dayal Singh, B.Sc. (Chemical 
Series, Vol. VI, No. i.) Price, R. 1-8 or 2s. 

2. Investigations on Indian Opium, No. 2. The Efiect of Non- 

environmental Factors on the Alkaloidal Content and Yield 
of Latex from the Opium Poppy {Papaver somniferum) and 
the bearing of the work on the functions of Alkaloids in Plant 
Life, by Harold E. Annett, D.Sc. (Lond.), F.I.C., M.S.E.A.C. 
(Chemical Series, Vol. VI, No. 2.) Price, Rs. 2 or 2s. 9d-. 

( 718 ) 
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3. Life-histories of Indian Insects. Diptera : Sphryrawphaia 
Jmrseiam, Westw., by S. E. Sen, B.Sc. (Entomological 
Series, Vol. VII, No. 6.) Price, As. 12 or 1«. 

Bidletim. 

4. . Annotated List of Indian Crop-Pests, by T. Bainbrigge 
Fletcher, R.N., F.L.S., F,E.S», F.Z.S. (Bulletin No. 100.) 
Price, R. 1-8. 

5. Some Insects recently noted as Injurious in South India, 

by T. V. Ramakrishna Ayy .r, B.A., F.E.S., ,F.Z.S. (Bulletin 
No. 101.) Price, As. 8. 

6. Borers in Sugarcane, Rice, etc., by T. Bainbrigge Fletcher, 

R.N., F.L.S., F.B.S., F.Z.S., and 0. C. Ghosh, B.A. (Bulle- 
tin No. 102.) Price, R. 1. 

7. Some -Indian Economic Aleyrodidfis, by C. S. Misra, B.A. 

(Bulletin No. 103.) Price, As. 8. 

8. The Rice Leaf-hoppers, by.C. S. Misra, B.A. (Bulletin No. 

104.) Price, As. 6. 

9. The Pink Bollworm in Egypt, by Lewis H. Gough, Ph.D., 

F.E.S. (Bulletin No. 106.) Price, R. 1. ^ , 

10. Some Pests of Cotton in North Bihar, by C. S. Misra, B.A. 

(Bulletin No. 108.) Price, As. 6. 

11. Tukra Disease of Mulberry, by C. S. Misra, B.A. (Bulletin 

No. 109.) Price', As. 4. 

12. Stored Grain Pests, by T. Bainbrigge Fletcher, R.N., F.L.S., 

F.E.S., F.Z.S., and C. C. Ghosh, B.A. (Bulletin No. 111.) 
Price, As. 14. 

13. Notes on Rearing Insects in Hot Chmates, by T. Bainbrigge 

Fletcher, R.N., F.L.S., F.E.S., F.Z.S., and C. C. Ghosh, 
B.A. (Bulletin No. 112.) Price, As. *7. 

14. Hints on Collecting and Preserving Insects, by T. Bainbrigge 

Fletcher, R.N., F.L.S., F.E.S., F.Z.S. (Bulletin No. 113.) 
Price, As. 10. 

16. Note on Plant Imports into India, by T. Bainbrigge Fletcher, 
•' ’JI.N., 'F.L.S., F.E.S., F.Z.S. (Bulletin No. 114.) Price, 

" As. 7. 
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16. Experiments with Castor Seed Conducted at Sabour, by C. 

Somers Taylor, B.A. (Bulletin No. 117.) Price, As. 3. 

17. The Agricultural Development of Baluchistan, by Albert 

Howard, C.I.E., M.A;, and Gabrielle L. C. Howard, M.A. 
(Bulletin No. 119.) Price, As. 0. 

18. The Serum Simultaneous Method of Inoculation against 

Kinderpest, by W. A.fPool, M.R.C.V.S. (Bulletin No. 120.) 
Price, As. 2. 

19. . Notes on Contagious Abortion in Pony and Donkey Mares, by 
R. Bran/ord, M.R.O.V.S., and T. M. Doyle, F.R.C.V.S. 
(Bulletin No. 121.) Price, As. 5. 

20. Pusa 12 and Pusa 4 in the Central Circle of the United Provin- 

ces, by B. C. Burt, M.B.B.,’B.Sc., P.C.S., Albert Howard, 
C.I.E., M.A., and Gabrielle L. C. Howard, M.A. • (Bulletin 
No. 122.) Price, As. 11. 

21. Safl3ower Oil, by Albert Howard, C.I.E., M.A., and J. Stewart 

Remington. (Bulletin No. 124.) Price, As. 4. 



LIST OF AGRICULTURArL PUBLICATIONS 
IN INDIA FROM THE 1st FEBRUARY 
TO THE 3l8T JULY, 1921. 


Title 


Author 


Where published 


GENERAL AGRICULTURE 


Thi AgricuUtmil Jonrnal of 
India, Vol. XVI, l*art« II, 
III & IV, l^ioc K. l-« or 28 . 
per part : annual subsoription 
• Hfi. U or 9tf. 


Edited by the Agrioiil* 
tutul Adviser to the 
(Joveinment of India. 


Messin. Thaokei, ^pink 
& (>)., Calcutta. 


A Bammary of the Expeiinionts 
on Rice in Bihai and Oiissa 
from 1912 to 1919. Pusa 
Agtioultnral Researoh Listi- 
tute Bullctii^ No. 06. Price 
As. 10. 


G, 0. Bherrard, b.a., De* 
puty Director of Agri- 
oultore, Patna Circle, 
Bihar and Orissa. 


Government Piinting 
India, Calcutta. ' 


The Preparation and Reuro- 
duotion of Scientific iflus- 
tjatiouB. , Pusa Agiioultuial 
Research Institute BuU 
letin No. 114. Piioe As. 4. 

The Saving of Irrigation 
Water in Wheat growing. 
Pusa Agricultural Research 
Institute Bulletin No. 118. 
Price As. 4, 


Note on the Deterioration of 
Indigo Seed during Storing. 
Ihisa Indigo Publication 
No. 10. Price As. 3. 

Summary of Tables showing 
the total area, area cultivated 
and uncultivated, area under 
irrigation, and area nndei 
different crops, in British 
' India in the agricultural year 
1919-20, Price As. 4. 


A. W. Slater, Manager, 
Calcutta Phototype 
Company. 


A. Howard, ai.B., 
M.A., Imperial Eco- 
nomio Botanist, and 
Gabriello * l». C. 
Howard, m.a., Sooond 
Imperial * Economic 
Botanist. 

Major W. R.‘ Q. Atkins, 
SO.B., 7.1. 0., Indigo 
Botanist t-o the Gov- 
ernment of India. 

Issued by the Depart- 
ment of Statistics, 
India, 


Ditto I 


Ditto 


Ditto 


Ditto) 
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LIST OP AORIODLTURAL PUBLIOATIONS-eonAl, 


No. 

Title 

Author 

Where published 


Otneral Agrieuliure — contd. 


7 

Annual Report of the Board of 
SoientiOo Advioe for India 
foi 1910-20. Price B. 1. 

Issued by the Board of 
Scientific Advice for 
^ India. 

Government P.ripting 
India, Calcutta.^ .. 

• 

.8 

Agricultural Statistics of 

Bengal for 1919-20. Price 
R. M2. 

Issued by the Revenue 
Department of 4he 
Government of Bengal. 

The Bengal Secretariat 
Book Depdt, Calcutta. 

9 

Rej^ri on the Operations of the 
Department oC Agriculture, 
Bengal, for 1919-^. Prioe 
Re. 3-10. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

Ditto 

10 

Season and Crop Report of 
Bengal, for the year 1920-21. 
Prioe Rs. 2. 

Ditto 

Ditto 

11 

c 

i 

A Short History of Cotton 
Experimental Onltivation in 
Bengal. Bengal Department 
of Agriculture Bulletin No. 1 
of 1921. (In English and 
Bengali.) 

G. Evans, m.a., o.i.e., 

Director of Agri- 
culture* Bengal. 

The Bengal Secretaria t 
Book Depdt, Calcutta. 

* % 

12 

f 

f 

Historical Notes on Expeii- 
mexkU with Jute in BengaL 
Bengal Department of Agri- 
rulture Bmletin No. 2 of 
1921. (In English & Bengali.) 

R. S. Pinlow, B.sc‘, 
F.I.O., Fibre Expert, 
Bengal. 

Ditto 

1 

13 

Dhair.eka — ^A Manure for Am an 
Paddy. Bengal Department 
of Agriculture Leaflet No. 1. 

Issued by the Depart- 
ment of Agriculture, 
Bengal 

Ditto 

14 

Advice to Jute Growers. Bengal 
Department of Agriculture 
Leaflet No. 3. (In English 
and Bengali.) 

R. 8. Pinlow, B.8C. f.i.o. 
Fibre Ei?pert, Bengal 

{^Ditto 

15 

Adulterated Manure, warning 
of Agricultural Chemist, 
Bengal. Bengal Department 
of Agriculture Leaflet No. 4. 

Issued by the Depart- 
ment of Agriculture, 
Bengal. 

Ditto * 

10 

The Cattle Census RoTOrt of 
the Presidency of Mngal, 
1920. Prioe R. 1-2. 

Ditto 

Ditto 

17 

Bengal AgrUmUural Journal 
((^Tterly). Vol. I. Nos. 

1 ft 2. (In Englidi ft Bengali.) 
AnAual subscription R. 1-4; 
sin{^e copy As. 5. 

Ditto 

Sreenath Press, Dacca. 

18 

Season and Crop Report of 
Bihar and Orissa for lklO-21. 
Prioe R. 1-0. 

r 

Issued by the Depart- 
ment of A{|riculture, 
JKharand Onssa. 

Bihar and Orissa Go- 
vernment Preslb, Flatha* 

' ( 

•- 
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Title 


Author 


Whoni published 


Gfneml AgricuUure — oontd. 


If)' 

V 


20 


91 


Agrioultural of BiJiar 

and OriHsa for 1019-20, Prioo 
H. 1-8. 

Bullotirf on Exporimerits at 
Agricultural Station, Lyall- 
puT. Piion As. 8. 

Some aa]>ect8 of Dairying 
the Madras "^''Agricultural 
College, Coimbaton*. Madras 
Department of Agriculture 
Bulletin No. 79. 


Issued by the Depart- 
menl ef i/Vgri cult lire. 
Bihar nnd Orissa. 

I O. T. Baulkner, b a., 
IV]ir'y Direchir of 
I Ag .‘iiltiiro, Punjab. 

1>. Anamlti Uao Gam. b.Sc 


22 j Year Book of the Marlras Agri- 
oultiiial D<‘i»artmont for 1920. 

22 i Villager's Calendar, 1920-21 . 

\nniial BeiKirt of Agricultural 
Stations of the Madras ] ‘resi- 
dency, lfU0-2U (for olTieial 
use only). 

Note on the Cultivation off 
Modan Paddy. Madras De- 
imitment of Agriculture 
Leaflet No. 1 1 . 

i-V. I Note on iSugareane Cultivation 
on the West Coast. Madras 
Ih'jmrtment of Agriculture 
Tjcaflet No. 1 2. 

27 ! Uep<»rt on the Experimental 
Farm attached to llie Agri- 
cultural C^ >11 ego, Nagpur, 
for 1 919-20. Price As. 8. 


Issued bv ilie Departmenl 
• >f Agnciiltnre, Madras. 

Ditt^i 


DitIn 


28 I Report on the Agricultiual 
<N)llogo, Nagpui ; Botanioal 
and Ohemioal RoHoarcb and 
Mabarajhagb Menageiie for I 
1919-20. PfieoAs. 8. ' 


Ditto 


Issued by the Defrart- 
ment of Agiieiilture, 
Central Provinces and 
B<Tar. 

Ditto 


29 


30 


.31 


Report on the Dfmionstration I 
Work in ibe Southern Circle | 
for 1919-20. Price As. 8. 

RefWirt on the Demonstration ! 
Work in the Northern Circle | 
for 1919-20. Price As. 8. j 

Report on the Agiicult.ural Sta- j 
tmns in the Southern Circl.' 
foi 1919-20. Price R. 1. 


Ditto 


Ditto 


Ditto 


Bihar and Orissa (in 
v<*rument Press, Putnti 


Gdvernment Printing, 
Punjab, Lahore. 


C^>vo r u m on t Press 


r u u 
Madras. 


Ditto 

Ditto 

Ditto 


].)itto 


Ditto 


Qov ornment PrcBp, 
Nagpur. 


Bit t o' 


Ditto’ 


Ditto 


Ditto 
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Where published 

32 

(ioport oil tho Ajj^ricnttiiral 
St>atipna in tin* VVostern (Jirclo 
foi 1019-20. t*rio6 Ah. H. 

Issued by tho Depart- 
ment of Agriculture. 
Central Provinces 

! ^ and Derar. 

Giivernment Press, 
Nagpur. 

33 

Report on the Ajj^rioulttiral 
StationR in the Northern 
Oiiole for 1910-20. Prioe ' 
Ae. 8. ; 

Ditto 1 

j 1 

Ditto 

1 

34 

UnBuitability of c oortoiin well 
waterH for irrigation iinr- 
poees. Leaflet of the (tentral 
l^rovinoeH Departmenl. of 
Agriculture. 

Ditto 1 

Ditto 


Report of the Deimrlineiit of 
Agriculture, AsHani, for tho 
year ending Hint Mareli, 1921. 
Price Ah. 8. or la. 

l.sHiied hy tho Defiaitmenf 

Assam Secretariat 


of Agriciill me, AsHam 

Printing flflice, 

Shillong. 

3fi 

Seanon and Orop Repoit of 
AdHam foi the year 1920-21. 
Price Ah. 8 ot 1h. 

Ihtio 

1 )lt.t 0 

37 

Report. ( i the Upper Shillong 
Agricultural Kv fieri raent 

Station for nine months 
ending the 3lRt March, 1921. 

Ditto 

Ditto 

38 

Report of the Fruit Kxpeiiinent 
Station, Shillong, loi nine 
tiiontliH ending the' 3lHt March, 
1921. 

Ditto 

1 >itl 0 

3» 

Repoit ot the Kaiiinganj Agri- 
cultuial Kxpeiiinent Station 
tor nine monthn ending the | 
flint March, 1921. 

Dittn 

Ditto 

iO 

Repoit of the Joihat Agiicul- 
tuial Expeiiment Station for 
nine months ending the fllst 
March, 1921. 

Ditto 

Ditto 


Repoit on Agiionltural Demon- 
strations in tl^e Aaaam Valley 
niiole foi the veaf^nding the 
fll at March, 1021. 

Ditto 

Ditto 

42 

Repoit on Agciouliuial Demon- 
fltiations in the Suinia Valley 
Oirde for the year ending the 
.31iit March, 19^1. 

Ditto 

Ditto 

4S 

Report on Tea Oultiire in AsHam 
for the year 1920, Price 
Afl. 8 or 1#. 

^ Dittn 

1 

Ditto 

% 

1 

1 
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< General J^r/ctiZ^ttfe-^cuiiuld. 

44 Aouual IN'poiiK of the Agri* iHsuedby the Deparlmenil Covi riimoiit Printing 
cultural htaljoiiM, th«‘ Agri- td Agricultum, Burma | oni(*c. Burma, Bangouu. 
cullural OhcmiBt, tlie Agri* 
cultural Engineer and lie 
^ Economic BotaniHi for Ihe 
year ending tlie .‘{0th June, 

1020. 

Minutes cd the Meeting -»f Ditto i Ditto 

the Provincial Cotton Coin 
inittoo held at Mving^’aii on 
the 15tli July. *1021 (in 
Burmese)- 

46 Onion Cultivation. Burma Ditto | Dittc' 

-Cultivatjjp's Leaflet No. o7. 

47 Keport on the A«lmiiiistratioii | ls..iied by Uui Depart- I C-ochin Government 

)f Fislieiiei^, AveiineN, Public incut i*l Agii(Minm«\i Press, HJrnai'iilHin. 

4Jaidcns and of the Agriciil- (^^chiJJ. 
tural Depart miMit in the 
Cochin Stilt*' f(o rtl0-2tt. 

48 Indian tSnianfiJio Afjrlcnl/nrtMf. Alliance Advcttising As- | Messrs. [{era &. Co., 

Annual HU lisoiiption Its. (. .sou latioii. Ltd., Calcutta. J h inter h, Calcutta. 

\ 

Th^ donnnd aj the Madias Matlras Agi leiiltiiial Literary Sun Pit'hh. 

Agricultural StudvHh' | Student'- Union. Coirnbatoi'c. 

VnioH (Monthly), Annual 
suh.icnpt loii Its. 2. 

i^narterlf/ Journal nf thf Seicntiiiu I >cj»aTtinent Catholic Orjthan Press, 

Indian Tm <»f the Indian Tea As. Calcutta. 

PiiiMi As, tl |inp eopy. souiatioii. Calciittiu 

51 Journal oj the Mi/mrr. Agrirul- Mysore Agiicultiiial Baiigaloie l‘reSH, 

tural and I 'niou Mxperiine.iitnl Unnui. Bangalore. 

(t^arterly). Annual siihKcrip- 
tioii Ha. .*{. 

52 Poona \(jficuliural (\dhiijr liege Magazine (Vuu- Arya BhiiHliaii J’reHs, 

Magazine (Quarterly). miUeo, Pooiia. Poona. 

Annual Hubseription Hs. 2. 

AGRICULTURAL CHEMISTRY 

The Retention of Soluble Phos- I W, If. Ifarrison, o-Hr., Me.ssrs. 'riiacker, Spink 
jihat<?H in CalcareouH and Non- I ImjK'riar Agricultural ik, CJo., Calcutta, 

calcareous Soils. Mmiioirs of Chemist, and Surt*dra-^ 

the Demrtment of AgriciiL lal Das, m.sc., AssiH- 

ture in liulia, Chemical Series, taut to the linjK-rml 

j Vol. V No, 6. Price R. 1 or Agrieiiltiiral (Jhemist. 

^ _ 1^. 4d. 

54 StudioH in Soil Moisture, Part- 1. B. H. Wilsdon, b.a. Ditto 

Memoirs o4 tlie Dcjiaftment (Gxon ), i.B.s., Agrieul- 
of AgricHltiiri' in India, Che- tuial ^hcniiat, Ihinjab. 

** mioaT SoricH. Vol. VI, No. 2. 

•Piice R. 1-8 or 2^. 
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LIST OF AGRICULTURAL PUBLICATIONS— cowid. 


No. Title Author | WJierc imbliHhed 


Agrictmurdl CAem/^ry— oonold. 

66 A Survey of tho Lidian Poppy- H. E. Annott, d.sc., Goveiiiment Printing, 
growing Districts for Mor- f.i.o.. m.s.b.a.o., India, Calcutta. , ' * 

phine Content of tho Opium Agricultural Chemist, 

produced. Pusa Agrioul- Bengal (on special duty, * ^ 

tural Research Institute t Cawnpore), and Hari ^ 

Bulletin No. 110. Price As. 2. Das Sen, m.sc., Har 

Dayal Singh, b.sc., 

Assistants to above. 

50 Thu Nature of the Changes W. A. Davis, b.so., 

occurring dtring the Ex- a.o.g.i., Indigo Re- 
traction of IndKjo from the search Chemist to tiic 

Java Plant ^iwigojera or- Government of Indio. 

recta). Pusa Indigo Ihibli- 
oation No. 9. Price R. 1. 

57 Proceedings of tho Second Issued for the Agricul- | 

Meeting of Agricultural tural Research Insti- 

Chomists and Bactoriologists tute, Pusa. I 

licld at Pusa tm tho 7th Feb- j 

ruaiy, 1921, and following I 

days. PricoAs. 10, ! ’ 

MYCOLOGY 

58 UnUlago O/atneri Kmin. on S. Hiindararaman, m.a., 

^eiaria iUdica Boauv. Piisa Acting Goveinniont 

Agriotiltural Itesoarch Insti- Mycologist, Madras, 

tute Bulletin No. 97. Price 
As. 4. I 

59 Proceedings of tho Tliird Issued for tho Agrioul- 

Meeting of Myoological tural Research Insti - 

Workers in India held at tute, Pusa. 

Ihisa on tho 7th February, 

1921, and following days. 

Ihrioe As. 11. 

00 A Brief description of sonic of K. P. JSlnivastava, OlTg. Government Press, 

the fungoid diseases of crops in Economic Botanist, Nagpur. 

Contial Provinces and Borar. Central Provinces. 

Central Provinces ^nd Bcrar 
Department of Agriculture 
Bulletin No. 9 of 1921. Price 
As. 8, 

01 Result of Investigations made Issued by tho Doi^art- Government Printing 

by tho Deirartraent of Agri- ment of Agriculture, Oflico Burma, Rangoon. 

culture, Burma^ into the Burma. 

extent of tho damage caused 

by a Parasite plant Imown in 

Burmese as “ Pwinbyu.” 

ENTOMOLOGY 

62 Indian Grass Gall Midges. E. P. Felt, State Ento- Messrs. Thacker, Spink 
Memoirs of the Department mologist of Now York, A Co., Calcutta, 
of Agriculture in India, v^U. S. A. 

Entomological Series, Vol. 

VIl, No. 3. Price As. 10 or Is. 


Ditto 


Ditto 


Drtto 


J>itto 



LIST OF AGRICULTURAL PUBLICATIOJNS 
LIST OF AORIOULTUIIAL TUBLICATIONS— ««/*/«*. 

No. I Titlo Author ' Where published 


En coiicld. 


' Nf.w liidiun (?idl {Haiti- | 

. didas)^ 

‘ Throo New Wasjw fnun India, 
j Meinoirn of the l><*|jartrnt’iit ' 
I of Aj?rioiiltui(‘ in Indm, Kfito- 
1 inoloj^ioal Series, Vol. Vff. ' 
! Nos. 3 and 4. Pneo As. 12 | 
j or Ifl. 1 


10. J‘. Kidt. State Ento- 
mologist of New York, 
V. S A. 

(i. 11 ;)uttf It. A., Per- 

Mtiml AsMi.staiit to tiu 
Inijierial Kntoniologisi 


Messrs. Tliaokt'f. Spink 
& On., Calcutta. 


(ir> Instriiotions fui Kciiring Mul- M. N. De, Sonenlturui #ov( iniiieiit Printing, 
I beiry Silkworms. Puia Agri- j Assistant, Push. Lidia, (^loutta. 

cultural Uew'areli Institut-<‘ 
bulletin No. 30. Tliiid ' 

(Revised) Edition. Prioe 

R. 1-3. . ; 


(i(i Oottuii PollwoiMH iJm India. 
J’usa « AgrieultiiriiLfl|K.searcii 
tnstitute nullctit^pTl lOr'i. 
Price As. 8. 


3’. IJairihngge Pletelier, | 
K.N., r.E.a , 

F.Z.S.. I in penal Enl.o* ' 
niologist, and (’. S. 
Misra, n.A., Pii*st Assis- 
tant to the Tm}K‘riftJ 
Kiitoinologjst. 


Bxi UMinionts in l']g.vpt on the 
survival of tlu' Pink Boll- | 
worms (resting stage larvie; 
in ripe damaged Cotton Bolls | 
bvirifsl at. dilTercnt di'ptlis. j 
Puaa Agrieiiltural Roseurch . 
Iiiatitute Bulletin No. 107. | 
Price As. 5. 


P. r. Willeouks, Eiitomo I 
logisl. t.. the Sul- j 

luiiie Agrieultuml j 
iSoeiety, ('airo, Kgyj»t. | 


1 The Preservation of Wood 
I against Termites. I*usa 

I Agricultural Resean li Insti- 

' tute Bulletin No. 1 10. 

Prioo As. 3. 


T. Tbwnbriggo FletcJier, 
R.N., K.L.S., F.i;.«., 

F.Z.S., Imperial Kiito- 
mologist, and (’. C. 
(diosli, ii.A , Assistant 
to the linjieiial Eiilo- 
mologist. . ^ 


Ditto 


Ditto 


] 


Ditto 


VETERINARY 


m 


70 


Vuulenoe of 'ruberelo Bacilli 1 
isolated from Bovine Lesions | 
in India. Memoirs of tb( 
Department of Agricultuio 
in India, Veterinary Series, 
Voh HI, No. 2. Price K. 1-4 
/ or Is, Sd, 

4 

Bovine Lymphangitis. Memoirs 
of the Dcjiartmnnt of Agri- 
Qulture ill India, Veterinary 
• Series, Vol, III, No. 3. Price i 
,R. 1-8 or 2s. 


A. L. SJuiatlier, n.si!., 
M.U.O.V..S.', Direoto 
and First BacteTiolu-«| 
gist. Imperial Bacterio- 
logical Laboratory, 
Muktesar. 


Ditto 


Messrs. Thacker, Spink 
Co., Caloutta. 


Ditto 
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LIST OF AGHlCULTUliAL PUBLICATIONS -cowc?d. 


Nch 1 Title Aiiilu Where j^blielied 


Veter i nary — coue It 1 * 

Till* I’ourho tliul SuiiH fUMM in II. K CniHs. m.k.c.v.s., I (ii/verniiiojit IVinliiig. 
wJieii natumlly enn- d.v.h., A.se., ChmioI I JikUh, 

(raettHl and when aitiliciHlIy 8|K;cittlirtl., Sitliawa, i ’ 

inoeulttted. I^ihh Afirieid- JNiiijab. I 

tural ReHcareli riisfitiite 
Jhilletin No. 98. Prioe As. 5. 

72 The Course tliat (Jamel Surra Ditto I Jhtto 

runs in Pouif'S, Buffaloes and 
other AuinialH. Puaa Agri- 
eultumi Xl(‘Hei^‘.h TtiBtituie 
Bulletin No. 99. Priee Ah. 4. 

Annual UejM^rt of the Chvjl iKsued by the Civil Ihmgal Secretariat Bonk 
Veterinary Dejiart-inent, Veterinaiy l)<'|wrt ' Do |H>t, Calcutta. 

Bengal, for the year 1929-21. iiient, Bengal. 

Annual BejKU't of the ik'iigal | Ditto Ditli 

Veterinary Collegi' for (hi 
year 1929-21. 

Annual AdnnniHtmtion liejMirt iHsued by the Cn il Vete > (Toverninent l*rr 
of the Civil Veteriiiaiy J)e- riiiaiy Dej)arl meiit, MjuirftK. 

|)artment, Madias, lor the Mad him. j ' 

year 1929-21. 

79 Hannon liagio Ne(itiuunnia. Ditto Ditto 

Madras Veterinary liojiaft- 
oieut Leaflet No. .T of 1921. 

Poisoning in (‘attle fioni eating Jd. Col. C. K. Walker, (}o\enmieiit I’rintiiej 

{A ndropagoH Sorghum). (m.k., o.u. k,, Priie Piinjah, J.alioie. 

Punjab Veteriiiaiy Bulletin ei]ial, Punjab Veteri- 

No. 1 of 1921. nary (t»l1ege. 



PUBUCATIONS OF THE IMPERIAL DEPARTMENT 
OF AGRICULTURE IN INDIA 


TO Rl Hl.i FROM 


TflEOrriOR or thr AnKiniii.ruKAL Advihrk to thk (^ovkknmrnt ok India, Piisa, Bihib, 
an/i from th« follomng AgttnU 


(1) THAiDKKR, SPINK A CO.. CALnuTTA. 

(2) W. NRWMAN ATCO., Calcutta. 

(^) HaI M. C. SAKKAU BAHADUR k 
’ SqNS. Calcutta. 

(4) HIGOINBOTHAMS, LTD., Madrah. 

(5) THOMBBON A CO., Madrar, 

(6) D. B. TAUAPORRVALA, SONS A 

•OO., BOHfffw 


(7) THAOKKU A CO., LTD., Bombay. 

(8) SUNDKR PAN DUHANG, Bombay. 

(») Rai Sabib M. GULAR SINGH A 

SONS, Lahokk. 

(10) MANAGER, EDUCATIONAL BOOK 
DEPOT, Naqpuk. 


A obmplete list of the publioations of the Imperial Department of 
Agrioultare in India can be obtained on application from th/ 
Agricultural Adviser to the Government of India, Puaa, Bil^ar, -or 
from any of the above-mentioned Agents. 


Thene publications are 

1. The Agricultural Journal of India, A Journal dealiiig with MiibjeotH connected with 
agricultural economioM, hold and garden crops, economic plants and fruits, soils, manures, 
methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative oreiiit, agricuUui'al cattle, farm implements, and other agricultural matters 
111 India. Illustrations, including coloured plates, form a prominent future of the Journal. 

It is edited by the Agrioulturai Adviser to the Government of India, and is issued once 
every two months or six times a year. Annual Suhtcriptiont Us. 6 or 9*. fkf., including 
postage. Single copy, R. 1-8 or 2«. * 

2. ^l^ientifio Reports of the Agrioulturai Research Institute, Pim^^ 

B. Annual Review of Agricultural Operations in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Meetings of the Board of Agriculture. 

6. Memoirs of the Imperial Department of AgriciiltfTre in India : 

(a) Botanical Series. 

(b) Ohemioal Series. 

(c) Entomological Series. 

(d) Bacteriological Series. 

(6) Veterinary Series. 

7.. BulletiAM%ited by the Agricultural Research Institute, Piisa. 

8. Indig/rublications. 

V. Books./ 

V 

The following are the publicatiions of the last two years : — 

Soie^ific Reports of 'the Anicultural BmarciT Institute and College, Pusa (including the 
Report of the Imperial Cotton Speomlitt), for the year 19l8<19. Price. K. 1-4 or 2i. 

Soientifio Reports of the AffHciiltural Rose irch Institute, Pusa (including the Report of th# ’ 
Semtsry, Sugar Bureau), for the year 1919-20. Price, 1. 



A^^CULTURAL PUBLICATIONS— (ocmc/tf.) 

^port on the Promti of AjrHoiilture in India for the year 1918-19. Price, K. 1-8 or *2«. Set. 

, BoTiew of Agrioultural Operations in India, 1919-20. Price, K. 1-4. 

ProoeedinM of the Board of Agricnltare in India, held at Piisa on the let Deocrab jr,' 1919, and 
folloifing days (with Appendices). Price, As. 12 or 1#. M, 

Prooeedinffs of the Third Meetinff of Myoolof^ical Workers in India, held at Pusa on the 
7th February, 1921, and followinf? days. Price, As. 11. 

Frooeedin({8 of the Second Meetinjr of Agfricultural Ohemists and Bacteriologists, held at 
^ Poea on 7th February, 1921, and following days. Price, As. 10. 

ProM^ir^ of the Third Bntomologloal Meeting, held at Pusa in February, 1919. Price, 

MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INpIA 


BOTANICAL SERIES 

Vol. X, No. IV. A Pythium Disease of Ginger, Tobacco and Papaya, by L. S. Subkam A- 
NIAM. Price, R. 1-H or 2f. 6d. 

Vol. X, No. V. Studies in the Pollination of Indian Crops, 1, by A. Howari^ O.I.e., M.a., 
GABKisrxR L. C. Howard, m.a., and Abdur Rahman Khan. Price, 
It. 1-4 or 2i. 

Vol. X, No. VI. “Krnipta” Cotton and its Improvement, by G. L. Kottur, B.Ag. 

' Price, R. M2 or :U. 

Vol. XI, Nto. I. Some Aspects of tbo Indigo Industry in Bihar. Part I. The Wilt 
Disease of Indigo. Part II The factors underlying the seed produc- 
tion and growth of Java Indigo, by Albkrt Howard, ci.b., m.a., and 
Gabrikllg L. O. Howard, m.a., with the sssistance ofCuowDUART 
UAMDHANSiNOHand Maulvi Abdur Rahman K^an. Price. R. I-2or2t. 

Vol. XI, No. II. Studies in Diseases of the .lute Plant. (1) Diplodia Corehori, Syd., by 
F. J. F. SnAW, D.Rc., A.H.C.B., F.ii.8. Price, Ha. 2 or 2r. 8d. 

VoK XI, No. HI. Morphology and Parasitism of Aorothecium PmnUeti n. ap. (A new 
, Disease of Pennisetum typhoidtum), by Manoran.tan Mitha, mjbc. 

Price, R. 14 or 2r. 

Vol. XI, No. IV. Studies in Gujarat Cottons, Part I, by Maganlal L. Patkl, B.Ag. 
(In th$ pr$ii.) 

Vol. XI, No. V. Die-baok of Chillies (Gapticum spp.) in Bibar, by Jf^'angik Fardunji 
Dabtuk, M.sc. Price, R. 1 or Is. 4d. 

Vol. XI, No. VI. The Induence of Atmospheric Conditions upon the Germination of Indian 
Barley, by W. Youngman, b.bo. (In the prsss.) 


H CHEMICAL SERIES 

Vol. V, No. V. The Pho^hate Requirements of some Lower Burma Paddy Soils, by 
F. J. Wabth, M.BC., B.80., and M^uno Po Shin. Price, R. 1-12 or 3d. 

Vol. V, No. VI, Absorption of Lime by Soils, by F, J. Warth, m.bc,. b.8o., and Mauno 
Po Sav. Price, R. 1-2 or 2f. 

Vol. V, Nos. VII The Gases of Swamp Rice Soils, V -A Methane-oxidising Bacterium 
A VlII. from Rice Soils, by P. A. Subuahmanya* Atyar, b.a. ; and The 
Gases of Swamp Rice Soils, VI— Carbon Dioxide and Hydrogen in 
relatioc to Rice Soils, by W. H. Habkibon, d.Bc. Price, As. 12 or 1«. .3(i. 

Vol. V, No. IX« The Retention of Soluble Pboaphatea in Caloareons and Non-oaloareous 
% Soils, by W. H. Harruon, d.bc , and Subendua Lal Das, m.sc. 
r/;c6, R. 1 or 1#. id, 

Vol. V, No. X. WindroV^K Sugarcane in the North-West Frontier Province. Part J. 

The Hh^ct on the Rconomloal and Agricultural Situation, by W. 
RoBSRTsd^^ Brown. Part If. The Effect on the Composition of Sugar- 
cane, by W. H. Harkibon, d.bc., and P. B. Sanyal, m.sc. Pi ice, 
As. 12 or If. 

Vol. VI, No. I. Investigations on Indian Opium. No, 1. Non-environmental Factors 
influencing the Alkaloidal Content and Yield of Latex from the Opium 
Poppy (Papaver iomniftrum), by Harold E. Anbett, d.bc. (Lond.), 
F.I.G.. M.S.V.A.C., Hari Das Sen, h.sc., and Har Dayal Singh, bbc. 
Price, R, 1-8 or 

Vol. VL No. II. Investigations on Indian Opium, No, 2. The Effect of Non-environmental 
Factors on the Alkaloidal Content and Yield of Latex fr®*^ the Opium 
Poppy (Papavir ^omnifgrum) and the bearing of the wort on the 
functions. of Alkaloids in Plant Life, by Harold E. AnNi^tt, d.bc. 
(Lond.), F.I.a, M8.E.A.C. Price. Rs. 2 or 2f . 9d. 

Vol. VI, No. III. Studies in Soil Moisture, Part I, by B. H. Wilbdon, -B.A. (Oxon.), 
I.K.B. Price, R. l-8or2f. 

Vol. VL Nos. IV Variations in some 0^ar. cterUtics of the Fat of Buffalo and Oow 
A V. Milk with changes in Season Feeding ; The Mntual Applicability 
of the Analytical Figures for Butter Fat and Ghee, by F. J. Plyumv, 

‘ A.O.O.I., and A. R. Padmanaoea Aiyeb, b.a. Unth§prm,) 



tMfOMOLOGtCAL S£KIES 

* t 

Vol. V, The Blue Leaf-hoppera {N§phoMtix bipuncUUut, Fabr. t»\A li€phol9iii» 

'^1 apiealiin Mot8oh.)t by O. 8. Mibra, b.a. Price, R. 1*8 or 8f. 

Vol. V, No. VI. Laniana Inaeota iu India. Being the Report of an Inquiry into the Bffi* 
cienoy of Indijranotia Inaeot Peata aa a Check on the Spread of 
Lantana in In^a, by Rao SaHIB Y. Ramaghahdka Kao, m.a., F.B.B. 
Price, Ha. 2-4 or it. 6d» 

Vol. VI, Noa. I — IX. Life-hiatoriea of Indian Inaects : Microlepidoptera, by T. BAlNRKiocn^ 
Flbtcbkk, R.N., F.L.8., F.B.8., F.Z.8. Price, Rs. 7-8 or 11#. 3d. 

Vol. VII, Noa. I&ll New Indian Gall Midgea (Diptera), by B. P. Fblt; and Deaoription 
of a Rhinocyphine larva from Shillong, by Muor F. O. Fkabkr, i.M.b. 

1 Price, Aa. 12 or 1#. 

Vol. V II. No. III. Indian Grass Gall Midgea, by K. P, Felt Price, As- 10 or 1#. 

\ VII, Noa. IV AV. New fndian Gall Midgea (Itoaididio), by B. P. Felt ; Three New Wasps 
' from India, by O. H. Dutt. B.a. Price, As. 12 or It. 

Vui. VTI, No., VI. Life-hifetoriea of Indian Insecta. Diptera: Sphryrarsjihala htarttiana^ 
Weatw., by S. K. Sen, b bo. Price, As. 12 or It. 


BACTE!?10LrGlCAL SERIES ^ ' 

Vol. I, No. VIII. Pebrine in India, by C. M. Hutuhinbon, g.i.E., B.a. Price, Ra. 3-8 
or ^ 6d 

Vol. 1, No. IX. Studies on the Root Nodule Organism of the Legiiminoiia Plants, by 
^ ^ N. V. Josiii, M.8C., B.A., L.Ag. Prioo, R. 1-4 or 2# 6d. 


VETERINARY SERIES 

' » . 

Vol. Ill, No;, II. The Virulence of Tubercle Bacilli isolated from Bovine L*esi on ■ in India, 
by A. L. Shbatuek, B.bc., M.K.O.V.B. Price,- K. 1-4 or 1#. 8d. 

Vol. Ill, No. III. Bovine Byrnphangitis, by A. L. Subathek, b.bo., ii.k.u.v.b. K. 1*8 or 

' • , 2 #. 


B^liiLETINS ISSUED BY THE AGRICULTURAL RESEARCH 
j INSTITUTE* PUSA 

No. 91. Notes on Practical Salt I^Ad Reclamation, by G. S. Ubnuekson, n.2).a., m.D.D. 
Price, As. 6. 

No. 92. Syngamua laryiigeiia in Cattioaud Buffaloes in India, by A. LiBBLIE Subatukk, b.bc., 
AI.K.C.Y.H., and A. W. Sui^TON, M R.O.V.B. Price, Aa. 6. 

No. 93. The Orange : A Trial of Swoks at Peshawar, by W. Robbrthon IIkowk. Price, 
As. 6. V 

No. 94. A Preliminary Note on the Behaviour in North India of the first batch of Sugarcane 
Seedlings distributed from the Sugarcane- breei^ing Station, Coimbatore, by T. S. 
Venkatbamab, B.A. Price, A 8. 5. i , 

No. 95. A Note on the Treatment of Suri*a in Camels by Intravenous Injections of Tartar 
Emetic, by H. B. Ckosb, ii.b.c.v.h., ii.t.h., a.bc. Price, A<^. 

No. 96. A Summary of Bxperiments on Rice in Bihar and Orisn^ ^1912 to 1919, by G- C. 
a Sherhard, B.A. Price, As. 10. 

No. 97. UttUaao Oratntri, Koern. on Stlaria iialica, jiy S. Sundekakaman, m.a. 

Price, As. 4. > 

No. 98. The Course that Surra runs ill Camels when 'Naturally Contracted and when Artifi 
cially Inoculated, by H. E. Crobb, m.r^c.v.b., d.v.h., a.bc. Price, Aa. 5. 

No. 99. The Course that Cornel Surra runs in Poifies, Bufibloea and other Animala, by 
H. B. Crobb, m.k.u.v.b., d.v.h., a.bc. Price, As. 4. 

No. 100. Annotated List of Indian Crop-Peats, by T. Bajnbrigge Fletcher, b.n., f.l.8., 
F.EJi., F.Z4J. Price, R. 1-8. » 

No. 101. Some Insects recently noted as Injurious in South India, by T. V. Ramakribhea 
AYYAK. B.A., F.E3., F.Z4}. Pnco, As. 8. 

No. 102 . S'ljen in Sugarcane, Rice, etc., by T. Baiebuigoe Fletcher, Iue., f.l.8., F.B.B., 
yf F.Z.B., and C. C. Ghobh, b.a. Price, R. 1. 

No. Some Indian Economic Aleyrodids, by C. S. Mibba, b.a. Price, Aa. 8. 

No. 1M:> The Rice Lieaf-hoppera, by C. S. Mibba, B.a. Price, Aa. 6. 

No. 106. Cotton Bollworma in India, by T, Baiebkiooe Fletcher, b.k., f.l.8., F.E.B.. F.E.B , 
and C. 8. Mibka, b.a. Price, As. 8. 

5®' JSS* H*®® Bollworm in Egypt, b^'LgiwiB H. GOCOH, Ph.D., F.E.8. Price, R. 1. 

T&i inv Experiments in Ba^pt ^--^tho Survival of the Pink Bollworma (resting atage 
larVe) in Ripe Damfged Cotton Bolls buried at different dep^a, by F. C. 
WiLLCOCKB. Price, aI 6. • r • # , . 



MiilijrirM ttV thi A^ctaxIttAt ittteASdl 
^ ... iwmwE, pwsahwmm.) 

Wab U8 l SMoe l^aita of Cotton in Korth BUwr.bj 0. A MflHU. B.A.' Moo, A«k ^ 

g o. nA nikrm Obenw of Molbenv, by 0. A Minu, B.a. Prioe, Ai. 4. 

0. IIA INM. Pnoermtion of Wood iftninot Tormitao. by T. BiiMBKioai FUmUA *•»., 
)MAt*>U,y.zJi.jUdO.O.GB 06 H,B.iu IMoo. At. & 

111. Btofod Ontin Patti, by T. Baubuook Fusouib, tus., v.m.. y.n.8., and A 0. 
^ Gaoaa. B.A. Priea,Aa, 14. 
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